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GAY.... 

Britain’s widest standard range of jig 
bushes are available in sizes and types 
to meet every requirement .... and 
usually immediately from stock too. 
Plain and headed press fit, fixed and 
slip renewable types to B.S.S. 1098/ 
1953, as well as serrated types for 
moulded jigs, etc. 


Write for catalogues and wall charts... . 
free on request. 
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FAST 


VERSATILE 
ECONOMICAL 


SENTINEL UNIT MACHINES 
incorporating the Renault- 
France system electro- 
mechanical heads. 

Built for—Drilling, Boring, 
Facing and Chamfering. 8 
different types of Manifolds 
(see inset). Two manifolds are 
loaded, pneumatically located 
and clamped. 

Press a button to start—and 
in less than 30 seconds the 
machining cycle is completed! 





AN EXAMPLE OF 
FLEXIBILITY 


This Unit Machine comprises a 

3 ft. Dry Base, and an EMH 
10 with Boring, Facing and 
Chamfering Tools. 

3 way Centre Base. 

4 ft. Dry Base, and an EMH 
10 with Boring, Facing and 
Chamfering Tools. 

Bridge Column, and an EMH 
20 with a 12 multi-spindle 
head. 
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Base for Vertical 


3 ft. Wet Base 3 ft. Dry Base 5 ft. Dry Base 5 ft. Wet Base Colin 4-Way Centre Base 
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oF 
Vertical Column Thegstandard bases (with enclosed switchgear) and rotary tables are available with Bridge Column on 
9 . 


7-8-9 fe. 4 ft. Dry Base 


machined mating faces for assembly into any combination of units. 


SENTINEL (SHREWSBURY) LTD SHREWSBURY ENGLAND 


Telephone: SHREWSBURY 2011 Telegrams ; “‘SENTNOLL SHREWSBURY” London Office: 15 CONDUIT STREET, LONDON, W.! Telephone: MAYFAIR 2675 
P4108 
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jobs; slashing costs and increasing productivity by as much as 600”, if our 
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How, we asked, how can we demonstrate for 
our readers the miraculous ease with which our 
systems do many jcbs at once, automatically ; 

















increasing productivity yet cutting operating 
costs to a level that makes accountants smile 
plumply as they stroke their waistcoats —how 
Ghosts! Or rather one ghost... 


” 





' 








... meet Max Am 





You'll be seeing more and more of Max Am. In this and other ce 











papers, in other people’s works—maybe in your own works. To be 
more accurate, you won’t see him at work so much as the evidence 
of his activity; an occasional glimpse of pneumatic circuitry is all you'll see of 
Max Am. There’s no jiggery spookery in this. Max Am fits simply into any 
existing production line or sequence; freeing much-needed labour for other 


customers are to be believed (and they are, they are !). Modesty forbids further 
boasting, but in the cool seclusion of your office we'll gladly introduce you 
to more of Max Am’s cleverness. 





Show the product? 


What do you think this is— 

an advertisement ? 
Very well. This is a Maxam four- 
way hand-operated valve. There 
are more than 100 other Maxam 
valves. They work in conjunction 
with Maxam cylinders and equip- 
ment to form as simple or com- 
plex a circuit as you wish. High 
air-flow rates save power. Wear 
is negligible. 




















Valves, Cylinders and 


Airline Equipment 


THE CLIMAX RUCK DRILL AND 
ENGINEERING WORKS LIMITED 
Carn Brea, Redruth, Cornwall 
Telephone Camborne 2261 

4 Broad Street Place London F.C.2 
One of the companies of the world- 
wide Holman organisation, which 
has agents, branches and technical 
representatives throughout the U.K 
and in 84 other countries. 
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GAUGE BLOCKS and 
ACCESSORIES... 





Accepted as the world standard of accuracy for over fifty years 


Made in 4 stundards:- AA for highest scientific purposes, A for reference, B for inspection, C for 
workshop use. Carl Edvard Johansson, founder of the company, pioneered the entire gauge block 


system of measurement—which made mass production through interchangeability possible. 
























CEJ PRODUCTS 


Ground Thread Taps E-xtensometers 
Screw Plug Gauges Plain and Screw Snap 
Gauges 


Screw Ring Gauges 


= . Plain Ring Gauges 
Circular Chasers and ' ; 


Holders Gronkvist Drill Chucks 
Round Dies Dial Gauges 
Thread Milling Hobs Tapping Attachments 
Thread Rolling Dies Multiple Interference 


. - y/ :, » ) > ) 2. 
Plain Plug Gauges Microscopes 


en oe Vernier Height Gauges 
Micro Snap Gauges 
Surface Finish Indicators 
Micrometers 

Bore Gauges 


Deltameters (Automatic 
Sizers) 


Drill Chucks 


Dynamometers 


A.1.D. AND A.P.1. APPROVED 


SOUTHFIELDS ROAD, DUNSTABLE, BEDS - TEL: DUNSTABLE 422/3 





DHB/2365 
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NEWCASTLE-ON-TYNE 


As members of a community, we 
are dependant on one another. 
Our whole organisation 

is based on this simple fact. 


The renowned M & C Sales and 


GLASGOW 


Technical service is our contribution 
to the urgent day-to-day 


needs of British Industry. 


Photograph by courtesy of 
Morris Motors Ltd., Engines Branch, Coventry. 
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[ Monks & Crane Ltd 







MANCHESTER 


LONDON 





BIRMINGHAM 
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BRITAINS FOREMOST DISTRIBUTORS 


M/MC2861 
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DRILL A 








12 different types 
to suit all needs 
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FOR HIGHEST PRODUCTION IN FLAT GRINDING 


OUTPUT CAN BE INCREASED BY OVER 
100°, ON A ROWLAND DUPLEX 
SURFACE GRINDER. 


Send us your problem. 


£0 


GROUND 


TWO SIZES... FOUR FACES... 
. . - IN 30 SECONDS! 


...that is the phenomenal pro- 
duction rate achieved by the 
STANDARD MOTOR CO. LTD., 
COVENTRY, on the grinding of the 
large and small ends of connecting 
rods, as shown. Stock removal 
from each face is up to 0.080in., and 
uniformity of size on each pair of 
faces is held within 0.00lin. The 
infeed method of grinding used here 
gives considerably increased life to 
the grinding wheel, compared with 
plunge cutting between fixed 
wheels. 






F. E. ROWLAND & COMPANY LTD., CLIMAX WORKS, REDDISH, NR. STOCKPORT 


*Phone: Heaton Moor 302! 


’Grams: Heroic 


SOLE EXPORT AGENTS: DRUMMOND ASQUITH (SALES) LTD. HALIFAX HOUSE, STRAND, LONDON, W.C.2. PHONE- TRAFALGAR 7224 
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We are living in 





The idea that a strong screw had to be good and big 
would now be regarded as a joke, but in the Before- 
Unbrako era it was true. Unbrako showed how it was 
possible to miniaturise—to use fewer and smaller screws 
to do the same job. 

Unbrako brought a new way of thinking to screwmaking, 
the scientific way. Revolutionary designs and superb 
craftsmanship allied to the finest alloy steels and heat 
treatment made it possible to produce a better screw— 
a higher tensile screw —a_ screw with infinitely 
greater fatigue resistance —and a better made screw 


altogether. 
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THE VNBRAKO SOCKET SCREW 








ate ne ESS Sa 


Die designers and machine tool builders were quick to 
see the possibilities and have used socket head screws 
lavishly. Look what they have done in space and weight 
Saving. 

Today, the practice of using fewer and smaller screws 
is accepted by progressive technicians throughout the 
world. Wherever there is an Unbrako stockist, in fact, 
and that is most places. 

We have an enthusiastic team of experts who will be 
pleased to co-operate with you on your fastening prob- 
lems if you care to make an appointment. There is no 


obligation involved, of course. 


UNBRAKO SCREWS 
COST Less 


THAN TROUBLE 


cO LIMITED + COVENTRY 
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How ? If you had to speed the smoothing of flame-cut edges, what would you design ? 
— CARBORUNDUM research developed the car BOFLEX (trade mark) depressed-centre wheel, 
the which “gives” to, and absorbs, the jolting shocks that shorten the life of rigid, slower implements for smoothing. 
act, How to abolish the time loss, in resetting, when the tungsten-carbide teeth of a milling cutter 
are sharpened ? Research by carBoRUNDUM perfected resin-bonded diamond wheels | 
| be which show negligible wear, and need setting once only. Faster optical lens production, granite 1 
‘ob- cutting, road making ? cARBORUNDUM research has helped to solve a thousand different problems. If 
aod you want to maintain quality, and yet speed production, ask the Indian head “How?”. The odds are 1 


he will be able to tell you how. Specialist advice is part of the cARBORUNDUM service to industry. 


Products hy CAR BORUNDUM 


TRADE MARK 





THE CARBORUNDUM COMPANY LIMITED, TRAFFORD PARK. MANCHESTER, 17 Phone: TRAFFORD PARK 2381 
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The advantages of spiral bevel and hypoid gears are well established for right- 
angle drives. The design and manufacture of gears of this class are essentially matters for 
the specialist. E.N.V. therefore offer the services of experienced gear engineers 
on design problems plus comprehensive manufacturing resources to designers in connection 
with projects for which right-angle drives are needed. Designers are invited to 


communicate, at the project stage, with che Technical Department. 
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E.N.V. ENGINEERING COMPANY LIMITED 
Hythe Road, Willesden, London, N.W.10 
Telephone: LADbroke 3622 











ent. 

















a really low cost top 


Built to draft BS CW (ELE) 6246 
with class ‘H’ insulation—not 
only saves you money but space 


and weight as well. 
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Compare these drawings: the black outline shows approximately 
the space occupied by an average 7; h.p. class ‘A’ insulated drip- 
proof motor compared with the equivalent new Newman Drip Proof 

-—a considerable saving in space. Now take a look at the 
weight figures—a saving of 60 Ibs. 


What are the vital characteristics a designer looks for when 
specifying a motor—efficiency? reliability? compactness? The new 
Newman drip proof has them all and at a really low price. 


If it's part of your job to KNOW about motors you should send today for 
a copy of leaflet GD.101 which gives all you need to know about this new 
cost-cutting, space-saving, weight-saving motor. 


NEWMAN INDUSTRIES LIMITED - YATE : 
Telephone: Chipping Sodbury 3311 


BRISTOL 














OUTPUTS © 
AVAILABLE 


\ Continuous. Maximum Rating, Class @ 
lation 50 c/s, 3 phase, 650 V ME 
mum, 65 C Maximum Temperature 


Syn. Speed r.p.% 
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SPEEDICUT, 


The Hallmark of Engiyeers Cutting T0018 
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- En ,, 
Jine \ Weighs Cast 
in 


View of support plate 
looking downstream 

Cast in ZT1 alloy. Weight 26 Ib 78 component parts, with a total 
Courtesy: D. Napier & Son Ltd 
Sterling Metals Ltd 








fully machined weight of 1831b, were cast in 





weight-saving magnesium alloys for the 

Napier ‘Gazelle’ free-turbine helicopter engine. 
Magnesium was a natural choice because of its 
lightness, strength, good casting properties, 


excellent creep characteristics and weldability. 
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j 
SUMMING UP MAGNESIUM | 
Ultra-lightness : One-quarter the weight of steel, two-thirds 
the weight of aluminium. & 
: Strength: Highly competitive static and dynamic proper- 
: ties at normal, sub-zero and elevated temperatures. z 
Machinability: Machining speed twice that of aluminium 3 
ten times that of steel. 
Weldability: By argonarc, almost universal for castings, 
] wrought products, and to each other, with exceptional ‘ 
strength efficiencies of 75°% plus 
Castability: Excellent; uniformity of properties in thinand 
thick sections, approximating to separately cast test bar 
values; pressure tightness without impregnation. 
Formability: At 300°C, better than tor other metals cold; 
no intermediate anneals or staging tools in deep drawing 
Availability: In all cast and wrought forms. 
Chemical behaviour: In normal atmospheres, less corroded 
than iron or steel; for contact with acids or salts, highly 
4 efficient protective finishes are now available. 
: Other characteristics: High resilience and good damping 
3 properties; good thermal and electrical conductivity. 
Supply: Inexhaustible domestic supply of raw materials. 
Compressor half-casings 
Cast in ZT1 alloy eee Oath e ay eiashe ht PO atate Pt 
Fully machined weight 103 lb each 
Courtesy: D. Napier & Son Ltd For full information about Magnesium and its applications, write to: 
Sterling Metals Ltd 





Magnesium Elektron Limited 


London Office: 21 St James’s Square, SW1 
Registered Office & Works: Clifton Junction, Manchester 


In U.S.A: Magnesium Elektron, Inc, New York 20 
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Electric Overhead 
Travelling Crane 


Paterson 


behind 
your 
materials 
and step up 
production 







The movement of materials and products 


through the plant from goods inwards to 
Foundry 


despatch is a factor that costs time and money, 
Mechanisation 


uniess proper use is made of mechanical 

handling equipment. 

Paterson Hughes have a background of experience 
in every industry which enables them to supply 
the best scheme to suit any application. 


Cranes, elevators, telphers, skip hoists and 





conveyors of all types are available or designed 


to meet any specific layout. 


PATERS ON HUGHE 


ENGINEERING COMPANY LIMITED 





MECHANICAL HANDLING ENGINEERS & CRANE MAKERS 


WYNDFORD WORKS MARYHILL GLASGOW _ Tel: MARYHILL 2172-4 
BEDFORD HOUSE BEDFORD ST LONDON WC2_ Tel: TEMPLE BAR 7274-6 
3 HIGHFIELD ROAD EDGBASTON BIRMINGHAM | 5 Tel: EDG 2957-8 
PATERSON HUGHES ENG S.A. (PTY) LTD PO BOX 8! | JOHANNESBURG S.A. 


335+ 
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. and there is none smoother—for abrasive work— 
than the powerful Black & Decker 7” Heavy Duty 
Sander-Grinder. Continuous production and repetition work 
on wood, metal, concrete and stone surfaces is 
tackled eagerly, and easily, by this light, yet 90°% 
more-powerful-than-before tool. Choose any one of 
three spindle speeds (4,200, 5,200 and 6,000 r.p.m.) to do 
the kind of work you want. The 7” Sander-Grinder 
is only one of the complete range of Black & Decker 
Electric Power tools which includes Saws, Drills, 
Portable and Bench Grinders, Hammers and Screwdrivers; 
















7’ HEAVY DUTY 
SANDER-GRINDER 
Ruggedly constructed, perfectly bal- 
anced, adaptable for use with sanding 
discs, saucer grinding wheels, wire cup 





ERS brushes or planer heads. The higher 
speed models are specially designed for 
2172-4 use with depressed centre ‘cut-off* 


8 7274-6 oe PORTABLE ELECTRIC TOOLS 


; 7-8 ' : 
7 295 For a demonstration of any Elack & Decker tool, write to the factory, or ring your nearest branch: Birmingham East 3411/2 + Bristol 25781 
URG S.A. Glasgow City 7195 + Leeds 34361 + London North 3256 + Manchester Blackfriars 8865 + Nottingham 47333 + Newcastle 6567 0 


BLACK & DECKER LIMITED * HARMONDSWORTH ° MIDDLESEX 
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HORIZONTAL BORING MACHINES 
meet the milling, drilling, and boring needs of 
the modern heavy machine shop. 

The range includes machines from 2 in. spindle 
up to 10 in. spindle. The HRG type illustrated 
has a 4 in. spindle and is an extremely popular 
and versatile machine for medium capacity work. 
Write for details of Asquith Horizontal Borers, 
mentioning the work capacity which interests you. 


WILLIAM ASQUITH LTD. 


HALIFAX ENGLAND 























Sales & Service for... DRUM kal D-ASOU ITH ..« the British Isles 


DRUMMOND-ASQUITH (SALES) LTD... KING EDWARD HOUSE, NEW ST., BIRMINGHAM 
Also at LONDON : Phone : Trafalgar 7224 (5 lines) and GLASGOW : ‘Phone = Central 3411 
S2il 


Phone : Midland 3431 (7 lines) ‘Grams: Maxishape, B'ham 
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MAXICUT 








ELECTRONIC COPY TURNING 











simplifies and speeds up production of large multi-diameter shafts 


The illustration shows a “ Maxicut” at the Meco Works, 
Worcester, of the Mining Engineering Company Ltd., 
where it is demonstrating big savings in time and cost. 
If you have work of a similar nature involving profiles, 
tapers, etc., whether internal or external, it will pay 
to investigate “ Maxicut”’ production. 

This robust copy turner incorporates a heavy duty back 
slide, independently controlled, which can be employed 
for bulk metal removal, and several rear tools can 
be used. 


Made in a range of sizes as shown in the table opposite. 


Write for full details today. 


Sales & Service for... 


DRUMMOND-ASQUITH 


GENERAL SPECIFICATION 


Availablewicthfour bedlengthsto 
accommodate between centres 18in., 30in., 42in. or 78in. 


Maximum swing over bed 18in. or 22in. 


Maximum swing over slides | Hlin. or {4in, 
| 


H.P. of main motor 


| 

| 20/20h.p.2speed motor at 720/1460r.p.m. 

| 20 h.p. single speed motor at 1460 r.p.m. 
35 h.p. single speed motor at 720 r.p.m. 
40 h.p. single speed motor at 1460 r.p.m. 


DRUMMOND BROS. LTD. 


GUILDFORD - ENGLAND 


... the British Isles 


DRUMMOND-ASQUITH (SALES) LTD., KING EDWARD HOUSE, NEW ST., BIRMINGHAM 


‘Phone : Midland 3431 (7 lines) ‘Grams: Maxishape, B'ham. 


Also at LONDON : Phone: Trofalgar 7224 (5 lines) and GLASGOW : ‘Phone : Central 3411 


0.223 








Load and unload outside 
the throat of the Press! 


This 75-ton Hi-Ton Straightening Press in- 
corporates a hydraulic traversing table for 
loading and unloading outside the throat 
area of the machine. 


The illustration opposite shows the table 
in its forward position, and loading is 
simplified and speeded up with a minimised 
risk of damage to the machine by heavy 
bars and lifting tackle. 


The lower illustration shows a bar in 
position ready for straightening and the 
operator is depressing the lever to actuate 
the hydraulic return of the table to its 
rear position with the component beneath 
the ram. 


Write today for details of this type of 
Straightening Press and mention the capacity 
which interests you. 





STRAIGHTENING PRESS 


Sales & Service for... DRUM We ee D-ASOU ITH ... the British Isles 


DRUMMOND-ASQUITH (SALES) LTD., KING EDWARD HOUSE, NEW ST., BIRMINGHAM 
"Phone : Midland 3431 (7 lines) ‘Grams : Moxishope, B'ham. Also at LONDON : Phone : Trafalgar 7224 (5 lines) and GLASGOW : ‘Phone : Central 3411 
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All-Electric Planing Machines 



























Double column types are made in a range of standard sizes 
with width between columns from 2 ft. 6 in. up to 7 ft. and 
height under cross rail 2 ft. up to 6 ft. Openside Planers are 
available for width 2 ft. 6 in. up to 4 ft. and height under cross 
rail 2 ft. up to 3 ft. 6in. Ward-Leonard type drive is employed 
and the standard range of speeds, cutting and return, is from 
25 to 200 f.p.m. Feeds from 0.005 in. to 0.450 in. for the larger 
machines and 0.005 in. to 0.350 in. for the smaller machines 
can be obtained in increments of 0.005 in. 

Write today for further details, mentioning the type and 
approximate capacity which interests you. 


= SWIFT SUMMERSKILL LIMITED 


4AM CLAREMONT ROAD WORKS, HALIFAX, ENGLAND 
ral 3411 
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DIAMOND 
cut 
DIAMOND 


We use our own products 


Hardness of matrix 

is an important factor in diamond 
rock bit design. In order to 
ensure consistent hardness 

in the matrices of Diadril bits 

our Vickers hardness testing 
machine is equipped with 


Diatipt indenters 









VAN MOPPES & SONS (DIAMOND TOOLS) LTD TELEPHONE: BASINGSTOKE 1240 
BASINGSTOKE - HAMPSHIRE - ENGLAND TELEGRAMS: DIATIPT BASINGSTOKE 












OUR ILLUSTRATED DATA SHEETS AND OUR TECHNICAL REPRESENTATIVES ARE AVAILABLE ON REQUEST 
J.W.4 
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Maybe some modern art is bewildering; but let's be 
fair Perhaps if you were as skilled in art appreciation as 
you are in production engineering, you could answer this 
one too. 


We pride ourselves at Webster and Bennett that we 
know most of the answers when it comes to boring and 
turning, and our customers agree. In fact, our own 
‘“‘puzzle corner” is always busy translating customers’ 
drawings into machinable possibilities, and quite often 
remarkably favourable floor-to-floor times result. 

If you have to machine castings and forgings up to 
80” swing, perhaps we can help you. Send us drawings of 
your components; our technicians. will be glad to submit 
production proposals. 
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% A standard Webster and Bennett ] ' Y 
Boring Mill with 60” Chuck, ad- . th 
mitting 35” under the turret U 

j and 24” under the cross-slide Y 
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WEBSTER & BENNETT LTD., COVENTRY, ENGLAND 


J.W.4 
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Power for the Grid-Portishead ‘B’ 


C.E.A. POWER STATION 











Metropolitan-Vickers are to supply six 60 MW steam turbine-gener- 
ating sets to the C.E.A. Portishead **B’’ Power Station. These two- 
cylinder close-coupled steam turbines drive 75 MVA hydrogen-cooled 
generators, and the first two sets are now in service. The turbines are 
suitable for two-shift operation and are direct-coupled to the gener- 
ators, which produce 50 cycle, 3-phase current at 11,800 volts. 

The turbines have initial steam conditions of 900 psig, 900°F, and 
exhaust to single-shell central flow condensers which, in this station, 
have to be installed some 69 ft. below the turbines. The condensers, 
together with the five-stage feed water heating equipment are also 


being supplied by Metropoliian-Vickers. 


The illustration shows a single-shell condenser under construction. Six of these 
units, each having a cooling surface area of 60,000 sq. ft., are being supplied for 
the installation, 


METROPOLITAN -VICKERS 


ELECTRICAL CO LTD TRAFFORD PARK MANCHESTER, 17 





An A.E.A. Company 


‘Leading Electrical Progress: 





B/BS504 
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Precision-built, versatile and mobile, the U-10 
Measuring Support with its wide range of 
accessories brings to even the smallest work- 
shop the assurance of speedier, more accurate 
inspection of machined parts. 

Universal scope The U-10 Support is used 
for measuring flat and cylindrical parts, balls 
and diameters of threads by comparison with a 
standard or reference gauge. Accessories permit 
inspection of angles and thread profiles, vertical 


measurement in absolute value and measure-_ 


ment in rectangular and polar co-ordinates in 
a horizontal plane. Boney 
Portable Lightweight and of compact design, 
the U-10 Support presents no transport prob- 
lems. It sits easily on the inspection bench and can 





| Universal Measuring Support Type U-10 


made to measure 


...inall workshops 


be quickly moved from workshop to workshop. 
The U-10 Measuring Support is one of several 
measuring instruments in the manufacturing 
programme of Société Genevoise d’Instruments 
de Physique. 
Others are: 
MUL-1000, MUL-3000 and MUL-4000 
Universal Measuring Machines of 1, 3 and 4 
metre linear capacity. 
MUL-250 Shop Gauge Measuring Machine. 
MU-214B Three Co-ordinate Universal 
Measuring Machines. 
Detailed information about SIP Measuring Machines 
is available from Société Genevoise Ltd., 
Newport Pagnell, Bucks. 
Telephone: Newport Pagnell 460] 1/2. 
Telegrams: SIP Newport Pagnell. 
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MODEL2 JUR 
MILLING MACHINE 


TABLE SIZE 50’ x 10’ Rapid traverse ALL WAYS 
Positive backlash eliminator, with hardened table screw 

A very high quality machine possessing every desirable Push button oiling 

: a 24 speed changes, from 30 to 1200 r.p.m. 
feature which it is possible to build into a milling machine 15 feed changes, from }" to 30" per minute 
“Easy-set” large diameter micrometer dials 
Knee of massive section with I1}" wide bearing surface for cross slide 
Finger-light” positive knee lock 


Built up to a standard, not down to a price 


P.O. Box 22, Ash Street, Leicester. 
ADCOCK & SHIPLE y L D Telephone: Leicester 24154-6 


Telegrams and Cables: Adcock Leicester 


intended for toolroom or batch production use. 
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components require special treatment to provide a tough wear resistant surface. Birlec furnaces 


CASE HARDENING FURNACES 


Whereas the crab is by nature endowed with a hard shell, many engineering 


have been employed in case hardening applications for more than 30 years. 
Birlec gas carburising furnaces of the well known batch and continuous types are now 
supplemented by the Birlec sealed quench unit. Suitable for carburising, carbo-nitriding and clean 
hardening, these newly developed furnaces provide for direct quenching under atmosphere protection, 


ensuring a perfectly clean surface. There is a Birlec furnace for every heat treatment process. 


LONDON 
oss slide 
SHEFFIELD 
An A.E.I. Company GLASGOW 


ERDINGTON - BIRMINGHAM 24 NEWCASTLE - ON - TYNE 


SM/B 2952F 
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Liat | 
The quickest cure is to contact Ford. They've to 52 B.H.P.). Ask to see this satisfying set 
a pretty range of curves—performance, torque, of curves and specifications. No need to 
fuel and B.H.P., covering Petrol and Vaporising ask about famous World-wide Ford Service— 
Oil Engines from 12 to 58 B.H.P. (Diesel 23 but whenever there’s a question of curves... 





- i lt SOOO 


All enquiries, please, to your nearest Dealer or to:— 
PARTS DIVISION - DOMESTIC INDUSTRIAL UNIT SALES DEPARTMENT G8 
FORD MOTOR COMPANY LIMITED 
AVELEY DEPOT . SOUTH OCKENDON - ROMFORD -: ESSEX -. ENGLAND 
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Wonder 
ot Plastics 


The new 6-seater Vauxhall Velox Dormobile Estate 
Car is a conversion of the standard saloon body, 

by the addition of a polyester/glass fibre extension. 
Beetle polyester resin—a B.I.P. product—is used in 
moulding the light, strong extension and lift-up rear door. 





The Heron Direction Finder 
ts used for position fixing for 
small craft. It incorporates 
parts moulded from Beetle 
—a B.I.P. product—and 
the coils are ‘potted’ 
in Beetle resins. 










The versatile Regna Cash 
Register is used in 
self-service stores, 
departmental stores and 
small shops throughout 
Europe. The attractive, 
strong housing 1s moulded 
from Beetle—a B.1.P. 
product —by Norsk 
Teknisk Porselens 
A/S, Norway. 







In ships and shops, in cars and catering, plastics 
to-day play their part. Their role may be 
contributory, it may be fundamental, but the 
wonder of plastics is in their versatility, their 
infinite possibilities. Types and grades are innumerable, 


each with its own properties—and limitations — 


B.1.P. SERVICES: 


The full resources of the B.1.P. 
Research, Technical Development and 
Design services are at the disposal of 
manufacturers interested in_ the ‘ : : - 
possibilities of plastics. Advice will extensive consultative and development services and none is 
gladly be given on any problem 
concerning plastics applications, 
irrespective of the type of material 
involved. 


presenting a wide field of choice to the intending user. 


The leading plastics materials manufacturers maintain 


better qualified to advise and assist than B.I.P. 


B.1.P. CHEMICALS LIMITED + Oldbury + Birmingham reiephonc: Broadwell 2061 QP) 


LONDON OFFICE: 1 Argyll Street, W.1. Telephone: Gerrard 7971 
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Dyson’s for laboratory 
controlled DIECASTINGS 


In addition to B.S.I. control of Zinc Alloy 
B.S. 1004 Die Castings produced by us—all our pro- 
A.R.B. ¥Y Alp. duction in other metals is subjected to 
strict quality control by our laboratory. 


LICENSED UNDER THE B.S.I. In spite of the high standard imposed our 
CERTIFIED ZINC SCHEME prices are competitive. 


DYSON & CO., ENFIELD (1919) LTD., SOUTHBURY WORKS, PONDERS END, MIDDLESEX. TEL: HOWARD 1484 








XXxii 


N 
: 
2) 


The Institution of Production Engineers Journal 


B 
BSyZ =~. 
Sw RAT wa ES. 
FZ FG BZ Ez 
EAC gq ge = 
S R44 Ss —— s Zw Se <3 = 
WwwFHe ws ss RF Ss BFA Fs FSF Asx RR BZ HX 
BER ZFAaARLaAN REAR ASBZE 
A ~=FAAEX Z Ss ZB WIgSB A= Bw Fe S Te= BA WwyBQ 
S$ CBS zw RS RA zR SBS Bess Wa KA S ZS ZB S BS aS 
RASEBaA BWAZFHREGAFRFGFARRXK BA GFN BRE VTAB 
VF ABRBZBZABAEFYWBAZFIA FEAR TX BE GFEBSBAZ NVTEAFB 
ZF BAB SARERYIAI ABT FREY B AGI BSB FB WY FAB 
ye Aad sx wAgzzZ AA FGFtRBTST BB AG BOSrana BaAPrF FAB 
LS Ba RAGIS AF ZW = VF WS nF SG NE SF Ze SVE 
YS iS —~4 x 


Ww 
_ 
— 
rm 
ys 
Is 
= 
rm 
be 5 | 
oO 
Es] 








= 
me 
O 
= 
z 
m 
wn 
ond 
— 
& 
=] 














.. transfer... 





...clamp... 


--. roll, clean, sort, lift, turn, grasp and shelve. | 
Hymatic Automation is thus invaluable in the automatic 
and selective transfer of parts from one process to the next, 
from conveyor to conveyor; in unloading one machine and 
loading the next; or in quick clamping to hold parts during 
machining. All designs of Hymatic Automation are made 
for specific tasks but are readily adaptable to others. 

Hymatic Automation covers the whole problem—the de- 





sign of the circuit—the machine— the means of control. 


| 


THE HYMATIC ENGINEERING CO. LTD. DEPT. HA.84 * REDDITCH 








NTN 


——— 








of 
...Close... 


Hymatic Automation, therefore, has a place in your pro- 
gramme of productivity improvement. 

Perhaps in your Works, too, there are jobs where it is poss- 
ible for people to burn or cut themselves, strain or crush 
themselves, lose fingers or even a hand; or perhaps there 


are jobs for which you just cannot find people. 


In all events CONSULT 


Hymatic Automation. 


* WORCS, 
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High Accuracy at New thigh Speeds 
a The two sizes of British built U.S. Multi-Slide machines (built for us 
by ALLTOOLS LTD) are now available and can be supplied completely 
tooled for one or more components; the tool design being based on the 
vast experience accumulated by the U.S. Tool Co. Inc. 
The U.S. Multi-Slide machines have been standard equipment in the 
U.S.A. for many years for the production of complicated stampings 
: complete in one operation. They bring a high degree of automation into 
Brief Specifications every press shop and are indispensable for the economic and accurate 
K production of many components used in Automobiles, Office machinery, 
sili Machine Model 28 | 35 Radio & Radio Valves, Television Receivers, Electrical and Electronic 
Length of Feed g" |12%4" te Hardware, Locks, Razors, Book-bindings, Household utensils, 
earings etc. 
poss- Maximum Tools are built up in sections and placed in die sets, permitting easy 
Width of Stock | 14"] 3" adjustment to suit part modifications, low tool cost maintenance, and 
rush easy change-over from one job to another. 
there Maximum ae, Soe Send for illustrated leaflets, also ask to see film showing operation of 
Thickness of Stock | Yie" | %2 the machine and examples of components produced. Our Sales Engineer 


will be pleased to call on request. 


, ona 


Vi Well tn ro oe aye WELSH HARP, EDGWARE RD., LONDON, N.W.2. TEL: GLADSTONE 0033 
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-—- ALSO AT BIRMINGHAM—TEL: SPRINGFIELD 1134/5 - STOCKPORT—TEL: STOCKPORT 5241 - GLASGOW—TEL: MERRYLEE 2822 
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OPTICAL 
DIVIDING 
HEAD 





O.D.H. MOUNTED 
ON SINE TABLE 





COMBINES THE HIGHEST PRECISION WITH 
ROBUST CONSTRUCTION e¢ MAG. UP TO 1,000X 


Combining the following features: Dead centre, adjustable drive 
for zero settings, large vernier screen reading direct to 6 secs. 
(estimation 3 secs.) and conforms to N.P.L. Specification 
MOY /SCMI/56. Patent No. 599708. 













MAIN DIMENSIONS 


Height of Centres wn 8" (117.5 m/m.) 
Centre Distance (on Base) 24” (610 m/m.) 
Size of Face Plates sevseneeenaneeed &” dia. (190 m/m.) 
Size of Centres wns No. 2 Morse Taper 


WEIGHT OF HEAD 


PRECISION 
GRINDING, LTD. 


MILL GREEN RD., 
MITCHAM, Surrey 


*Phone: MITCHAM 3014 


42 Ibs. 


O.H.D MOUNTED ON 
JONES & SHIPMAN 540 
GRINDING MACHINE. 
CONTROLLING SERRA- 
TIONS HELD TO A 
TOLERANCE OF _ .0002”’ 
BOTH FOR SPACING 
AND DIAMETER 


A SUBSIDIARY OF GEORGE H. ALEXANDER MACHINERY LTD. 82-84 COLESHILL STREET, BIRMINGHAM. Phone ASTON CROSS 3264 
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mum MULTI PLATE CLUTCHES GIVE FORWARD & REVERSE SPEEDS. 
mmm) MOTOR HOUSED IN BASE SAVES FLOOR SPACE. 
WEP COARSE PITCH & FINE FEED RATIOS. 





TELEX No. 51-123 






ENGLAND 





KEIGHLEY 


LIMITED 
ae We manufactwie _ 13-30” SWING ENGINE LATHES ¢ SURFACING AND BORING LATHES °* TOOLROOM LATHES 
aan DESCHIPTIVE LEAFLET Seer oe BEGUES7 
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Wi KO MW FAWELeh es through 
Controlled Air Power 
gives Faster, Safer and 
Better Production 


See for yourself how the application of pneumatic 
devices can aid increased production and efficiency 
as shown by two short films “‘ Production Miracles ” 
and “ Operation Push Button” produced by the 
Bellows Corporation of Akron, Ohio, U.S.A., and 
available for exhibition on request. 






AIR HYDRAULIC 
FEED UNITS 














AIR HYDRAULIC DEEP 
HOLE DRILLING UNITS 








IMPACT CYLINDERS 








AIR CYLINDER 
VALVE UNITS 









SAFETY GUARD 
CONTROL VALVES 







ELECTROAIRE 
VALVES 













SINGLE ACTING 
HYDRAULIC CHECK 
CYLINDERS 










ROTARY FEED 
TABLES 






3 SIZES 























AIR HYDRAULIC 
POWER PACKS IN 
LINE 


AIR HYDRAULIC 
POWER PACKS IN 
PARALLEL 


BRITISH BELLOWS 
PNEUMATIC EQUIPMENT 


Manufactured under licence by 
GEO. H. HUGHES LTD. BIRMINGHAM 24 


Sole Distributors: BENTON & STONE LTD. 
HYDRAULIC CHECK CYLINDERS ASTON BROOK ST., i 6 


WITH SKIP AND STOP CONTROLS Telephone : AST 1905 
oe (from where films and literature are available on request) 


DOUBLE ACTING 
HYDRAULIC CHECK 
CYLINDERS 
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PETER KNEEBONE 


Oiling the wheels of industry— 


REFRIGERATORS 


For every modern industrial process there is a 
specialised grade of Sea Shell Lubricant. 


leadership in lubrication 


Copies of this advertisement (in colour) can be obtained from Shell-Mex and B.P. Ltd. 
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Machining of complete valve 
body, including thread chas- 
ing, in 3 operations. Com- 
plete cycle time 123 seconds. 
This 28 page colour 
brochure is packed 
with facts and fig- 
ures and is yours 
for the asking. 





LONDON S.W.1 + TATE GALLERY 3191 





TAREX (ENGLAND) LIMITED - 22 BUCKINGHAM GATE 


71 seconds, 
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Machining and burnishing 
Textile Ring trom tube in 





eee with the TAR-H 


In less than an hour the Tarex TAR-H single 
spindle automatic screw machine can be 
changed from bar work to chuck work (or 
vice versa). 

No other machine in its class can claim such 
versatility. 

The TAR-H can be supplied with 6 or 8 
position turrets with 4 slides (two with com- 
pound movement), and it is fitted with 
standard cams which operate the slides 
through variable ratio levers, thus enabling 
a wide variety of components to be produced 
without changing cams. 


May we help you with your Automatic pro- 
blems? Without the slightest obligation we 
will arrange for an engineer to call on youor, 
if you are in London, perhaps you would like 
to drop in to our offices for a chat? 


RANGE OF MACHINES UP TO 
* 34” Maximum bar capacity. 
* 87” Maximum chuck capacity. 
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NORTON |G BOND 
are boosting production rates, 

















product quality and are cutting costs 
























Applied to centreless, cylindrical, internal and segmental 
grinding Norton products with G Bond are doing a mag- 
nificent job of work for British Industry. Referring to a 
cylindiical grinding operation one user has reported a 
35°, increase in production rate with improved finish as 
well! Another tells of a centreless operation which gave 
800 pieces per dressing with a G Bond wheel against 500 
with a previous wheel, 50°, more wheel life and better 
finish and it was found the shoulder held up better. 
These are not isolated cases, and the reason is that 
Norton G Bond is undoubtedly the most efficient vitrified 
bond ever developed. It is setting new standards and 
lowering costs everywhere. The qualities of G Bond are 
cooler cutting action ... faster stock removal . . . better 
finish ...more pieces per dressing ... longer wheel life... 
easier dressing ... easier on the diamond... 


Everybody seems to agree about the cost cutting quali- 
ties of G Bond—they only vary as to degree. Are you 
cutting costs with Norton G Bond? See your Norton or 
Alfred Herbert Representative, or write to us. 


y NORTON ABRASIVES 
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The best bright steel bars 
—bar none! 


As steel stockholders Macready’s Metal Company 
meet the pressure of an intensely competitive industry 
with stream-lined service and the highest quality stocks. 
Twenty well known lines are handled 
in the large and efficiently planned warehouse in Pentonville Road, 
ensuring fast delivery and exact response 
to the customer’s specifications. 
Known throughout the steel industry, Macready’s Usaspead Service 
is a guarantee of quality, accuracy, 
and prompt delivery. 
















MACGREADY’S METAL GOMPANY LTD 








This is an example of All- 
Welded Machine Bed Plates 
manufactured by this Com- 
pany. The photograph shows 
how well the complications 
of modern machine practice 
can be overcome by this 
modern method resulting in 
great economies. 


We can profile cut any shape in mild steel 
from }” to 6” in thickness. Our products 
are clean cut and necessitate the minimum 
of machining and finishing. They make for 
large economies in reducing the number of 
operations Send your enquiries to:- 


Bolton Railway Wagon & Ironworks Co. Ltd. 
RP an BOLTON, Lancashire. Telegrams 


“WAGON” BOLTON 
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THE PURSUIT OF PERFECTION 
Above: THE WATCHMAKER. Producing 


—_ a balance-staff on a watchmaker’s lathe by 
the time-honoured method. 
Right: THE TOOLS OF MODERN 
CRAFTSMANSHIP. Assembling and 
adjusting the movement of sensitive fiducial 
indicators which are used on Matrix Screw 
Pitch Measuring Machines. 
MACHINE TOOLS-PRECISION MEASURING INSTRUMENTS 
& GAUGES - PRECISION ENGINEERING EQUIPMENT 
reel : 
ono Supreme the world over 
jum 
for 
r of 










a, 
COVENTRY GAUGE 
TOOL COMPANY LTD, 


Coventry Gauge & Tool Go Ltd 


COVENTRY GT. BRITAIN 






Cogent. 


ON 









cut tooling costs 


The ‘throwaway’ tip principle 
already well-known and proved in industry 
can save 30% of your present carbide 
tooling costs. Clamped in a high-carbon 
steel holder by a quick-release screw, the 
Wimet tip can be quickly re-located to 
provide a brand new cutting edge without 
removing the tool from the machine. 


Saves Resewicing Time and Equipment 


No grinding ; when all the edges 
have been used, simply discard the 
tip and fit a new one. 


Saves Toot Setting Time 


Leave the tool at its proper 
setting ; just change or re-locate 
the tip and save re-setting time. 


Improves Tool Performance 


Stress-free Econotips give better 
tool performance, longer tool life 
and greater reliability. 


Telephone > 


. ; 
wWwirceK MAN us Lt 


WAM ee ea Vvinoten., -URRINGTON AVENUE, COVENTRY 


Tile Hill 66621 
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A Presidential Message 


from The Rt. Hon. THE EARL OF HALSBURY, 
F.R.LC., F.Inst.P., M.1.Prod.E. 


HE Council of the Institution of Production Engineers having honoured me 

by nomination to the Presidency, I would like to take an early opportunity 

for thanking them and all concerned with my election to this high office and 
for the confidence they have shown in me. 


The President of the Institution is neither a figurehead, on the one hand, nor 
the Institution’s Chief Executive Officer, on the other; the latter position is the 
prerogative of the Chairman of Council. The President’s function is more to focus 
the attention of both members and Council on a few outstandingly important 
matters of policy and to use the opportunity provided by invitations to attend 
meetings and banquets of local Sections to ensure their discussion. Like the 
constitutional head of a state, his prerogative is to encourage and to warn while 
preserving neutrality in respect of such policy decisions as emerge. In the last 
resort, it is for the members of the Institution themselves to make of it what seems 
good. 


Clarification of Objectives 


The most important issues currently before the Institution seem to me to 
require a Clarification of its objectives and the status that will give them best effect. 
In the United States a mechanical engineer of sufficient seniority in his profession, 
and with a sufficiently wide experience of line-production and factory planning to 
practise as a consultant, will call himself a ‘ production engineer’. In the United 
Kingdom we seek to establish ‘Production Engineering’ as a profession by 
standardising an educational curriculum best suited for the training of those who 
may be consultants one day, but will more certainly occupy senior positions in 
industry. It follows that the minimum qualifying conditions for both Associate 
Membership and Membership of the Institution may be met by those having 
lesser industrial seniority than that of a mechanical engineer in the United States 
at the moment in his life when he would first describe himself as a production 
engineer. In what respect, then, should the educational curriculum of a British 
‘Production Engineer’ differ from that of a ‘Mechanical Engineer’ in the 
professional sense ? 


Part III of the Institution’s Examinations is one aspect of the answer to this 
question, but its existence raises a number of other issues which seem to require 
clarification, It is necessary to bear in mind that the Institution is not alone in 
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paying attention to the subjects of which knowledge is required in Part III. 
Professionally there exist the British Institute of Management, the Institute of 
Personnel Management and the Institution of Works Managers. Socially and 
politically there is the British Productivity Council. Academically there are 
numerous schools of Economics, and less numerous schools of Psychology, Sociology 
and Industrial Administration. 


Professionally and academically is Part III to be thought of as a substitute for 
a wide range of disciplines, each the proper subject of whole time study, or is it 
intended to prepare the future production engineer for future collaboration with 
colleagues in these other walks of life? Socially and politically is it the function 
of the Institution to undertake propaganda intended to promote higher productivity, 
this being the proper concern of the British Productivity Council, or should the 
Institution limit itself to collaboration with that Council so as to provide it with 
the necessary engineering background? ‘These matters carry important practical 
unplications. Should the Institution run its own ‘line’ at conferences of its own 
convening or in reports of its own editing, or should it seek to organise joint 
conferences with other bodies on matters not exclusively concerned with engineering 


as such? 


Broadening the Base 
A second set of issues concerns the distinction between broadening the 
Institution’s basis and opening its membership. In the chemical and _ physical 
professions there is a sharp distinction between the learned societies—the Chemical 
Society and the Physical Society with an open membership on the one hand—and 
the professional institutions with a qualification for membership on the other hand 
-the Royal Institute of Chemistry and the Institute of Physics. The engineering 


professions have not emphasised any similar dichotomy and have become the 
vehicle for the organisation of learned discussions and the exchange of technical 


information at what are virtually open meetings. They have maintained the 


distinction, however, between an open meeting and an open membership, and if 
the Institution of Production Engineers is to maintain and advance its professional 
standing it must perforce do. likewise. 

Broadening the base must not mean reducing the standard of professional 
qualifications. The justification for the existence of specialised Institutions is to 
be found in the need to deepen education rather than to narrow it. Any 
concomitant narrowing is but the price paid for depth in a curriculum where 
the student-hours are confined to the total available in a three-year degree course 
or a five-year apprenticeship. How is the continual tightening of the educational 
standard required for corporate membership to be reconciled with the secular trend 
towards a broadened basis? 

These are the matters which seem to me to require careful thought at the 


present time. 














“Automatic Production — change and control’”’ 


CONFERENCE, HARROGATE, 30th June - 3rd July, 1957 





The Papers presented at the Conference are being published in this and 


subsequent issues of the Journal. This issue contains the following :- 





DISCUSSION GROUP A4 


“The Cost of Automation” by F. T. Hunter, F.C.A., F.C.W.A. 


DISCUSSION GROUP BI 


** Computer-Assisted Production Control” by W. J. Kease. 


DISCUSSION GROUP D1 


** What New Skills Will The Future Demand ?” by C. B. Gibbs, B.Sc. 


DISCUSSION GROUP D3 


“ The Analysis of Industrial Behaviour ” by Professor R. W. Revans, Ph.D., B.Sc. 


DISCUSSION GROUP A4 





THE COST OF AUTOMATION 


by F. T. HUNTER, F.C.A., F.C.W.A. 


£ eg Paper is an attempt to marshal a number of 


the problems which will arise increasingly in the 


future, as a result of the accelerated adoption of new 
manufacturing and control techniques described by 
the now popular word ‘ automation ’. 

It does not attempt to assess cost in terms of 
money, or men. It is suggested that present experience 
and knowledge does not, despite any claims to the 
contrary, permit broad generalisations of cost of any 
real importance to be made, and that much more 
experience and research will be necessary. 

What does seem reasonably clear is that, as a 
broad generalisation, these modern techniques are 
profitable. That is, doubtless, a glimpse of the obvious 
in that design and management skills would not 
be being devoted to the subject were it not so, but 
what does not seem anything like so clear is just how 
profitable they potentially are. There are rumours 
that some of the developments announced to the 
world in stentorian tones as miracles, from which gold 
will flow in ever-increasing streams, have proved to 
produce mere trickles, and the proponents prefer 
not to discuss the subject. 

However, it would seem unarguable that no matter 
what the opposition, manufacturing and control 
techniques will change rapidly in the next compara- 
tively few years, and that more and more reliance 
will come to be placed on automatic means of 
initiating and controlling manufacture, and automatic 
means of carrying out a host of clerical and semi- 
clerical tasks. 

A number of problems will arise, technical and 
managerial. Many of them will have a cost aspect. 
using cost in a broad sense of financial resources, 
manufacturing capacity, manpower, use or waste of 
acquired skills, and so forth, rather than a narrower 
sense of rates per hour, incentive bonuses, incidence 
of overheads, etc. 

It would seem sensible that all managements 
should be thinking seriously about such problems 
now, and try to develop some broad lines of approach, 
rather than deal with them at the crisis stage. 

It is, of course, true that many managements are 
thinking about them now and it would be foolish, 
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and arrogant, to suggest otherwise. But there is 
a suspicion that some managements are still, perhaps, 
in the stage of initial excitement without realising 
that the changes in prospect are very far-reaching. 
It is easy to over-state the prospects, but it is equally 
easy to ignore them and be engulfed by the tide 
of progress. 

The implications seem to be national and inter- 
national, and this Paper has to a great extent 
discussed the cost problems from a national viewpoint 
rather than that of an individual concern. All levels 
from the managing director to the shop floor are 
involved. 

It is possible that this Paper will mention points 
dealt with more adequately and in more detail in 
other Papers and, if so, apologies are extended to 
the authors of such Papers. 


Broad definition 


There are conflicting claims regarding the origin 
of the word ‘automation’. There are conflicting 
ideas of what it includes. 

It is, perhaps, early days for definitions of general 
acceptance based upon tested experience to have 
emerged. 

The booklet “Automation”, of the D.S.LR., 
defines it as “all technical developments that make 
automatic production more possible ”. 

Is this definition quite wide enough in its wording 
to indicate clearly that the developments such as 
computers are included ? While these do not take 
part in production in the sense that they form part 
of a chain of production processes linked electronically 
or mechanically, they take part through the provision 
of vital and often complicated information necessary 
to highly automatic production. 

Indeed, there would seem to be no reason why, in 
due course, there should not be a large, highly com- 
plicated, fully automatic factory in which the control 
and integration of the entire production would be 
carried out by an electronic computer. So far as the 
writer is aware, this has not happened yet but is it 
too far-fetched a concept ? Almost certainly not. 





Are we all to become men from Mars soullessly 
pressing buttons and gazing at dials? Sir: Ben 
Lockspeiser in his preface to the D.S.I.R. booklet 
says “‘ Automation will not make robots of us all. On 
the contrary it will demand wider knowledge, greater 
ability, and a higher degree of skill from worker and 
manager alike”. 

M. Louis Salleron, in his book ‘ L’Automation ’, 
suggests that a simple definition is “l’ensemble des 
procédés automatiques qui remplacent le travail de 
homme”, 

John Diebold says that automation is “a means 
of analysing, organising, and controlling the means 
of production to achieve the maximum utilisation of 
all the productive resources, mechanical and material 
as well as human”. 

There are many more, all perhaps having objections, 
all having much truth in them. One of the shortest 
is that of Peter F. Drucker: “The use of machines 
to control machines ”’. 

A trenchant comment from Sir Robert Barlow, 
Chairman of the Metal Box Co. Ltd., appears in his 
review to the shareholders on the March, 1956. 
Accounts. He says: 

‘“‘So much nonsense has been talked and written 
on this subject that it may be worth while to state 
this Company’s practical experience of it. 

“The word ‘ automation’ is used to cover methods 
whereby an article, in the course of its manufacture, 
is transferred automatically through a series of 
machines on which various processes are performed 
without manual intervention and often under the 
control of electronic devices. This definition 


accurately describes the method by which the great 
majority of our metallic containers are now being 
made. It isn’t new! The method has been in use 
in our factories for more than 30 years and most of 
our cans are now made by it at speeds up to 400 a 


minute. We expect very soon to operate such 
machinery at much higher speeds.” 


Scope of technical advance 


It is frequently overlooked that there is, basically, 
nothing new in automation except the word itself. 
There has been a constant process of development for 
over 100 years at least. There have been periods 
when development was not fast, but other periods 
when the pace was furious and almost overwhelming. 

The present shows all the signs of being one of the 
periods of furious and almost overwhelming pace. 
This pace has been accelerated vastly in the last very 
few years by the development of, inter alia, 
electronics, and ideas of how and how not to do 
things are changing very rapidly. 

This Paper is concerned, therefore, very largely 
with the possible effects of this much accelerated pace 
of development. 

The D.S.I.R. booklet already mentioned suggests 
that three main channels of technical progress will 
be pursued : 

(a) An expansion of the scope of mechanisation by 

transfer-devices that link machine tools in auto- 
matic production lines, and by advanced 


techniques of handling materials and products 
and of assembling components. 

(b) A rapid development of techniques of automatic 
control over manufacturing processes and their 
application to an ever-widening range of 
industries. 

(c) The rapid and automatic processing of an 
increasing range of technical and business infor- 
mation by the electronic digital computer, with 
a consequent extension of automatic control to 
complex manufacturing operations and com- 
mercial offices. 

The D.S.I.R. clearly include under the automation 
umbrella office work, as distinct from clerical functions 
necessary to control production functions. For 
example, a system of preparing packing schedules, 
despatch notes and invoices on a computer is 
automation. 

Railways are another field where automation is 
being thought of and adopted. The French Railways 
are understood to have installed already considerable 
amounts of automatic control equipment, which 
govern the operation of trains over large areas with 
human intervention only at a remote control centre, 
and they, as well as the London Transport Executive, 
are talking seriously of the feasibility of running 
electric trains without drivers. 

Many more examples could be cited. The point 
really being made is that automation is not just 
better and more rapid means of making things. It 
covers almost the whole field of human activity, and 
not only industrial activity. We accept, nowadays, as 
commonplace, cookers which turn themselves on and 
off, either to a time control or a heat control, devices 
which ring alarm clocks and pour out the morning 
cup of tea, thermostats, and others. They operate 
in accordance with instructions previously given to 
them, and subject to the fallibility of all devices, will 
continue more or less unaided until stopped. These 
are automation. 

There is no doubt but that the lives of all of us 
are being, and will continue to be, affected drastically 
by these developments. While many may deplore an 
apparent enslavement to machines, and curtai'ment of 
individual liberties and choices, this is a view that has 
again and again been taken of progress of any kind. 
It is a view that the writer of this Paper suggests is 
completely erroneous, but, whether it is or is not, the 
revolution will continue and will prevail. 

Paul Einzig in the preface of his book: “The 
Economic Consequences of Automation” says “ It is 
of vital importance, not only from the point of view 
of our prosperity, but even for our survival as free 
nations, to proceed with automation with the utmost 
speed.” 


Capital requirements and resources 

Does the accelerated pace of automation call for an 
increase in the annual rate of investment in fixed 
assets, and working capital, and if so, where does it 
come from ? 

There appears to be a wide divergence of view 
as to whether the capital requirement will be larger or 
not. The problem is not made easier by the obvious 
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fact that industries differ, and the truth in one may 
be a falsehood in the other. 

Paul Einzig says that there is statistical evidence 
of a reduction in the value of fixed assets in com- 
parison with the value of annual output. He points 
out also that an advance in the replacement of man 
by machine means more capital requirements and 
not less. 

But is there any evidence yet of whether present 
trends will continue or be reversed ? Probably not. 

In some industries new equipment is less costly 
than the old, in some it is much more costly, and a 
factor of importance is the reason for installing 
modern equipment. 

It can be installed to reduce costs of production, 
thereby requiring less working capital for a given 
volume of output, or it can be installed to increase 
production, thereby requiring more working capital. 

In 1954 in the United Kingdom #£M2,500 
was devoted to capital goods. This represented 16°/, 
of the gross national product. Will automation need 
more ? 

In the highly automated chemical industry in 
U.S.A., evidence was given before a Congressional 
Sub-Committee that in 1954 the average amount 
spent on new equipment was $2,240 per production 
worker against an average of $877 for manufacture 
generally, and that the total investment was approxi- 
mately three-and-a-half times per production worker 
compared with manufacture generally. 

It would seem likely that for some time the require- 
ments of capital will increase because technical 
progress will be rapid, and existing plants will become 
obsolete. 

But there is reluctance on the part of industrialists 
to scrap plant and install new. If the concern is 
apparently both making good profits and facing a 
continuation of that happy state for some time ahead, 
it is asking quite a lot to expect a very ready adoption 
of a bold and comprehensive re-equipment. 

There are, of course, the bold and farseeing who 
have no hesitation in spending handsomely on 
technical progress, but there are many who show 
marked hesitation. 

A survey of the age of plants would probably show 
a surprisingly high average figure. 

It would seem that, so far, the finance needed has 
come very largely from the resources of the various 
companies. The progress, while rapid, has not been all 
that rapid and companies have been able to cope with 
it. For the small concerns the position is, perhaps, 
more difficult and outside help is needed.. Some of 
this cover will come from large customers prepared to 
finance a small but technically competent supplier. 

The gross national product has risen by approxi- 
mately 3°/, per annum since about 1946, and provided 
there is a progressive growth, there would seem to be 
no reason why an increase cannot be made in new 
equipment without damaging growth and investment 
in other things. 


In general, it would seem that no difficulties of any 
real consequence should emerge to prevent industry 
finding the capital very largely from its own resources, 
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particularly as after some time cheaper production 
should provide some of the increases necessary. 


Machine tool resources 


The machine tool industry has been working at 
pressure for some long time, and deliveries have been 
difficult. Any increased demand on them as a result 
of automation could probably not be satisfied to any 
significant extent without expansion. 

But some of the demands will surely be in the form 
of substitution, new equipment to new designs taking 
the place of demands for the out-dated equipment. 

To some extent also, machine tool plants them- 
selves will adopt automatic techniques and achieve, 
after some time, greater production. 

There is another factor of significance in that 
much of the equipment needed will come from plants 
which hitherto have not been in the machine tool 
field. Companies such as E.M.I. are developing, in 
conjunction with a machine tool manufacturer, 
control devices of various kinds. Much, therefore, 
of the demand will not fall on the machine tool 
industry itself but will be spread over other industries. 

There are signs, also, that end-product manu- 
facturers are, because of shortages and, perhaps, lack 
of technical know-how in the machine tool plants, 
starting to design and manufacture their own plant. 
Much of this will, no doubt, be done on a trial and 
error basis which almost determines that the 
experimentation and working out of the final set-up 
are often better carried out by the technicians and 
in the workshops of the user. 

It is possible, of course, that increased demand for 
the end-products will lead to expansion of manu- 
facture and a demand for much more plant. If this 
happened too rapidly there would be, no doubt, serious 
shortages and a general slowing up of the rate of 
expansion, until the machine tool industry had 
expanded correspondingly. 

While engineering represents a very large part of 
industrial activity, however, it is by no means in 
advance in automation. Flour milling, refining, 
chemicals, to mention a few, are far ahead. It is 
easy to worry about the machine tool industry, but 
much of the present demand for plant falls on people 
whose use of machine tools is not so great. The 
manufacturers of highly automated plants such as 
milling and chemicals have less scope themselves to 
install and use effectively in their own works a high 
degree of automation. The demand for automatic 
control gear falls on the electrical equipment industry. 
for example, and even today much of their work is 
done by hand. 

While this sort of pattern will very probably 
change, and the engineering side will speed up, there 
are grounds for thinking that the rate of speed-up 
will not be alarming and that the various concerns 
will be able to satisfy the demands at least as well as 
now. 

There are some who express the view that, apart 
from mammoths such as the motor car companies, 
factories will tend to become smaller and demand less 
equipment, because the rate of production will so 
increase as to satisfy all possible demand from less 





equipment. The development of more shift working 
which is a result most likely to flow from automation 
will have this effect. Plants will be able to operate 
almost day and night without incurring some of the 
additional costs and problems which have bedevilled 
shift working in many industries in the past. 

But perhaps it will be found to wear out more 
quickly, so that the situation is as before. 

It is hard to see what the immediate future may 
be in terms of “cost”. Will it be chaos for some 
time with a wild scramble, or will it be more orderly 
because expansion proceeds more slowly ? As a 
guess, it is suggested that the latter is more likely, 
although there is not implied in that suggestion any 
belief in slowness as a good thing. 


Management 


It is difficult to separate the problems of manage- 
ment and manpower. There is a distinct probability 
of a general upgrading of required skills. More and 
more people will be required with more and more 
technical skills. Other Papers are discussing these 
problems in detail, 

From the cost aspect it would seem most likely 
that the personnel needed to run a factory will be 
more costly because of a much higher standard of 
training and education. 

Management will tend to pass into the hands of 
specialists, and these specialists will require a broader 
training in purely management techniques. There 
will always be such problems. The idea that factories 
will cease, for example, to have welfare problems 
because there is no one for whom to provide welfare 
is doubtless, quite feasible but at present, a long way 
off. 

There will be: 

(a) higher investment (in many concerns) in 

equipment ; 

(b) a closer integration of one process and another; 

(c) an increase in manufacturing complication, if 

not in end-products. 

All this requires increased experience, technique, 
breadth of vision, versatility, from the managers. They 
must take a great deal more interest in planning, 
methods, costs, and must understand more of general 
business economics. 

It follows that staff such as accountants must under- 
stand much more of technical problems and methods. 
Technicians are going to find themselves much 
higher, in general, in the management hierarchy. 

Something of the same kind will happen in offices, 
at least the large ones. More and more highly skilled 
people will be wanted. 

Whether such people can be found (and there 
are views that the general level of intellectual ability 
will make it difficult) is, doubtless, dealt with in other 
Papers. 

The effect on the cost of the product, however, 
should not be an increase. The greater volume of 
production should more than absorb total cost 
increases, giving a lower cost per unit. 

Boards of Directors, however, will have to accustom 
themselves to thinking in terms of a more costly man. 


In addition, the cost of training must go up in 
total, if not per man. Without being aware of the 
precise position, is the technical teaching space cap- 
able of absorbing many more students? Are there 
the necessary teachers available? 


As a guess, the answer is no. If it is “ yes” to the 
space, is it “yes”? to the teachers? Broadly, it is 
suggested that much more must be spent in total on 
training, although experience, in due course, will 
enable more men to be put through per £1 of cost, 
just as more pieces should emerge per £1 of cost in 
an automated factory. This does not suggest an 
automated technical college, but the analogy is, surely, 
sound. 

Among the computer manufacturers, at present, a 
certain amount of general post seems to go on 
amongst the higher staff at least. This would argue 
a shortage, and if that is true, is it too cynical to 
suspect some degree of buying each other’s good men 
at higher salary rates? 

This point is a very important one. The need is 
obviously there, and will, at least in due course, be 
filled. Such needs almost always are. But Company 
A won’t fill their need unless they are prepared to 
pay the going rate. 

The competition for good men may well inflate 
rates artificially for some time, but permanent and 
justified increases in rates will undoubtedly take place. 

What looks like finally disappearing is the old- 
style manager who worked by something called in- 
tuition (one suspected at times a little gazing at tea- 
leaves at 11 a.m. and 3 p.m.). That is, perhaps, not 
a cost to the nation at all, but a very positive gain. 

As a matter of interest, advertisements have been 
appearing in U.K. journals for technical staff by 
American Companies. If the pace of advance is 
accepted as being greater in America, it would seem 
a reasonable inference from such advertisements that 
the shortage is already showing itself there and can- 
not be filled from their own resources. 


Manpower 


There is not much doubt that unions fear automa- 
tion not only in this country, because of the possibility 
of redundancy, and there is some evidence that 
smaller firms have not adopted automation because 
they knew that the possibility of being able to reduce 
numbers was remote. 

Is automation likely to becostly, in the sense of 
creating much unemployment? Some say _ yes, 
vehemently, some say no equally vehemently. 

There is a possibility, perhaps, of temporary un- 
employment but there is not much sign, at present, 
of anything large-scale. There is, and has been, a 
shortage of labour for a long time, and despite some 
of the reports of recent months not much redundancy 
has shown so far. 

A switch from some types of employment to others 
is most likely (e.g. many more people having oppor- 
tunities to become higher-grade technicians), and 
some people will tend to become much more mere 
machine-minders. 
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This is good and bad obviously. An increase in 
high-grade technicians is good but the disappearance 
of craftsmen is bad. On the whole, the good will 
outweigh the bad. Classes of employee such as 
maintenance and services will increase. 

The history of all Industrial Revolutions has been 
to raise the numbers gainfully employed, and no 
good reason seems to have emerged why the present 
revolution (if it can be called that) should not show 
exactly the same pattern. 

Demand should be stimulated through lower costs 
and prices, which will lead to greater production and 
a demand for more people. 

The evidence so far seems to show that firms 
adopting any degree of automation have not laid off 
people because :- 

1. Natural wastage took care of some. (There 's 
about one job change per annum per three 
employed in the U.K.). 

2. Shortages have been made up in other spheres 
of the works. 

3. Many firms have expanded. 

Much the same picture is seen in offices. ‘Though 
the degree of automation in offices is, probably not, 
so far, as extensive as even the little in manufacture, 
there does not seem to have been much redundancy. 
Indeed many types of clerical and semi-clerical jobs 
will increase tremendously. One of the most import- 
ant tasks in automating an office is to carry out first 
some very extensive O. & M. work. This will de- 
mand an increasing number skilled in this kind of 
work. 

Many people hope that one of the results over the 
years will be a reduction in working hours. This 
calls for more leisure pursuits, and leaving out the 
argument that few of us are qualified to make any 
real use of increased leisure, there would follow a 
demand for leisure services. 

A point of some significance also is that the indus- 
tries such as chemicals which are most suitable for 
automation are small users of labour. 

To quote Sir Robert Barlow again, he says: 
“Over the period (i.e. some 30 years), and particu- 
larly during the last 10 years, automation has led to 
a transformation of our industrial processes with re- 
sults which we expected. In the first place, the 
markets for our goods has enormously expanded and 
canned goods are now an everyday necessity in every 
home. Secondly, the number of people employed in 
making the tin cans has increased greatly and, I may 
add, not only in this country but throughout the 
world. 

“The process has led to an unsatisfied demand 
for more skilled people and indeed the problem of 
finding and training skilled staff is one of our greatest 
concerns. That is why we have at this moment over 
400 apprentices, to say nothing of men in training 
for professional and managerial posts. 

“‘ Automation, so far as we are concerned, has not 
only provided more work, but also more highly 
skilled work, which is correspondingly more satisfying 
to the individual and more remunerative to him. It 
may be that where automation has to be introduced 
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on a large scale, some dislocation is inevitable, but 1 
am sure that it will be short-lived. 

“T am absolutely convinced that automation is 
something which should be welcomed by the working 
people of this country, not only in their capacity as 
producers, but also in their capacity as consumers. It 
is far too often forgotten that the people who make 
the goods are the people who buy or use them. It is 
in their interest to press for every known mechanical 
aid to production.” 

That extract from his 1956 review contains some 
very pertinent observations, worthy of thought. 

Paul Einzig reaches this conclusion : “ Automation 
is bound to proceed sooner or later whether we like it 
or not. Our choice does not rest between automation 
and full employment, but between prompt automa- 
tion with the possibility of moderate temporary unem- 
ployment, and delayed automation with the certainty 
of grave perennial unemployment, until our progress 
has caught up with that of our competitors.” 

One can, perhaps, understand the thinking which 
leads to feather-bedding and restrictive practices. One 
can only hope that the cost of these is realised, before 
it is too late, to be far greater in national damage 
than the possible cost in terms of personal hardship of 
temporary redundancy which, in any case, does not 
seem to have been experienced so far. 


Material 


No one seems to know, or have any real idea, of 
what the cost in terms of material may be. 

One can argue that there is a possibility of short- 
ages, bottlenecks, and even more rapid exhaustion of 
some materials. ‘The rate of consumption of some 
materials is very rapid, and there are some shortages. 
Steel is an obvious example of a shortage. 

There are alarmist reports of a general lowering 
of water-tables, and a world shortage. In the South 
of England the water-table is said to have been 
lowered during and since the War by many feet, 
but the blame is, in some quarters, placed upon the 
U.S. forces and not industry. Water is a vital com- 
modity in many industries. 

Should there be Government determination of 
priorities before it is too late? Should there be ex- 
ploration for and extraction of hitherto remote sup- 
plies and who should pay for it? One can pose 
many similar questions. The only real fact seems 
to be that no one knows the answers. Dare one hope 
that somewhere the right people are thinking about 
them and trying to determine the answers? 

Doubtless the research into new materials will grow 
rapidly and show results. Textiles are an obvious 
example where new synthetic fibres seem to be 
announced every day. But are the basics from which 
these fibres come showing signs of early exhaustion? 

The writer has been unable to find much of an 
authoritative nature on this aspect of the subject. It 
clearly is of extreme importance and extreme difh- 
culty. It demands continual research, and it would 
seem essential that the problem should be tackled at 
Governmental level. 
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Power 


The projected rate of industrial growth will de- 
mand an accelerated supply of power, particularly 
electricity. There are fears that in the mid-1960’s 
there will be serious shortages because supply will 
not keep up with the increasing pace of demand. 

It seems clear that coal must be supplemented 
very rapidly, and new sources of power obtained. 
What should they be? Must it be a series of Calder 
Halls, and what are the cost effects likely to be? 

Power consumption should be more effective, be- 
cause less wastefully used, as a result of automation, 
but the savings are quite unlikely to provide other 
than a fraction of the increased general demand. 

The cost picture of new sources of power does not 
seem very clear. Can it be proved whether power 
from Battersea is cheaper than Calder Hall or Loch 
Aber or vice versa ? Does it matter ? We must have it 
and, therefore, the only vital question is: “ Where 
can we get it?” 

Is the position such that, for many years, almost any 
source of supply is worth it, no matter what the cost? 

Some unfortunate cost controller is going to have 
the sums to do one day, and his answers may well lead 
to the adoption of one or another methods quite 
decisively, but it is doubted whether anyone really 
knows right now. If that is true, there may be some 
costly mistakes. Perhaps, though, they might not be 
quite such mistakes because they might have saved 
some disastrous situation at the time. 

Who can say that the Brabazon adventure was a 
mistake, costly though it undoubtedly was in money 
terms? 


Industrial pattern 


There is a distinct tendency to imagine that the 
advent of automation will mean a concentration of 
industry in fewer and fewer giants, and that the 
small man is doomed. 

Is automation to be confined to the production of a 
few standardised articles in very large quantities? 

If this happened the cost to the community would 
be the loss of the strengths of small men to a country, 
and they have many strengths and advantages, and 
the loss of variety. There is. of course, far too much 
needless variety very often, but at least let us have 
some. 

The evidence of the stimulation to the growth of 
the giants is, however, not very convincing. 

A small highly-automated plant can concentrate 
on long runs of a few products, providing a most 
useful service to a large-scale assembler. Many of the 
large-scale concerns are surrounded by a host of small 
men, each producing one or two components. There 
seems no reason why this industrial pattern should 
not continue to expand. 

Another result that may be seen is a change in 
the location of some industry. There will be some- 
what less need to site a new plant in the midst of a 
closely populated area, because of the fewer number 
of people required in any one automatic plant. 

It is also not at all essential that an automated 
plant must, of necessity, have very long runs. Set- 
up for a change can be much quicker than a similar 


change in a factory not so highly mechanised, and 
any one automatic plant can handle comfortably quite 
a few products. 

It seems very likely, therefore, that automation will 
see a growth in the number of small specialist firms, 
and that those firms will by no means be confined to 
one or two products. 

There will always be some people prepared to pay 
for something different and if there is some degree of 
standardisation, there might even be a growth, or 
regrowth, of small specialist manufacturers on a craft 
basis, catering for the amount of craft trade at pre- 
sent existing, and for some of the variety at present 
handled by larger concerns who will cease to make 
more than a very limited variety. 

That there will be some standardisation and 
simplification is, probably, inevitable. 


Disappearing costs 

The cost accountant is going to find his ideas 
changed quite considerably. Apart from a change of 
thought, discussed in the next section, some of his 
old familiar friends in the expense world look like 
vanishing or at least becoming a great deal smaller. 
Their place will be taken to a considerable extent by 
the increases in technicians, planners and so on. 

The sort of expense that will tend to vanish is much 
of that embraced under the general head of Work 
Study. Time Study men, Motion Study, piecework, 
fancy forms of incentive, these will have little place 
in an automatic plant. The calculations will be done 
in an office and on a drawing board. 

Operator efficiencies will cease to have much mean- 
ing, and the old distinction between direct and in- 
direct labour becomes dead. 

Operators will cease to take part in the production 
itself. They become more of a supervisory nature, 
but the stimulus towards interest and enjoyment 
should be great. Many men will enjoy controlling 
a superb piece of automatic machinery far more 

‘than operating a capstan lathe and, despite the idea 
of making things automatic, there have to be some 
controllers, until the completely automatic factory 
becomes common. 

Some expenses such as maintenance will probably 
increase. The amount of maintenance will increase 
in volume in that the new types of plant will require 
it and the quality and therefore cost of maintenance 
staffs will go up. 

There is likely to be a decrease in the cost of jigs 
and fixtures, but there might be an increase in the 
cost of tools. 

Scrap and rectification should tend to be reduced 
because of the higher degree of control possible with 
automatic rather than human means, particularly 
where highly-developed feed-back systems are in use. 

The cost of such things as setting-up will alter 
drastically. 

By and large, the cost accountant will have to 
start again and think of what amounts to a new 
schedule of expenditure. 

In the trades where package-filling to set weights is 
necessary, for example, there should be a much more 
accurate control on such weighings, with reduced 
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losses due to over-filling or claims from customers 
for short weight. 


Cost accounting 


Cost accountants will be faced with re-thinking 
their approach. Some of the expenses which are likely 
to disappear or change have been mentioned in the 
previous section, but the problem is a wider one 
basically. 

In the past many schemes of control accounting 
have been built around statistics of operator effici- 
ency, waiting time, etc., and the behaviour and cost 
of people generally. 

This approach, while doubtless absolutely correct 
at the time, will have little or no meaning under 
automation. 

Operators will have no effect on speeds of produc- 
tion, because the speed of the equipment will be set 
and controlled by the engineering department. The 
only real effect an operator could have would be 
to fail to see that the equipment was fed with raw 
material where this was not also automatic, and to 
fail to deal with breakdowns promptly. 

The stopped-time will become one of the import- 
ant points to watch and will be one of the factors 
which the cost accountant will highlight. 

The incidence of maintenance becomes unportant, 
and the whole question of overhead allocation will 
require careful thought. There will be a need for 
much more accurate and detailed study and alloca- 
tion. Sloppy methods adopted because they were 
good enough will not do any more. They never 
really did, but many thought they did. 

Fractions of pennies will count much more when 
considering this or that line of action. 

As mentioned earlier, the accountant will be drawn 
into top level management in a more positive way. 
Things like operation research, now receiving increas- 
ing interest, will demand closer co-operation from 
him, as much of the basic information must come 
from the cost office. 

What should be avoided by the cost accountant is 
an approach conditioned by any preconceived 
notions. No one is very clear what is going to emerge 
as important and what is not. 

Managements will be bombarding the cost depart- 
ments with demands for all sorts of new information 
and the cost accountant must be broad-minded and 
alert enough to respond, and think out fresh 
approaches. 

Much of the management accounting approach 
today is concerned with the behaviour of people. As 
suggested, this concern is becoming of secondary 
importance and the accountant must become con- 
cerned primarily with the behaviour of automatic 
machinery. 

Not so much appears to have been published so 
far on comparative costs. but the following figures 
have been fairly recently published and show some 
indication of the fairly drastic shift of emphasis. 


The Austin Motor Co. have given the figures 
shown in the adjoining column. 
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The Ford Motor Co. have shown for a 7-multi- 
station transfer machine doing motor car cylinder 


blocks : 


30. operators — One-half of non-transfer line 


on tractor blocks 
314 min. cycle time -— 71 minutes for tractor line 


Cost approximately halved. 


Service to small concerns 


The increased costs of mechanising, planning, con- 
trolling, standardising and simplifying, to mention a 
few of the possible sources of increases, will be 
frightening to many small concerns. To some they 
will be prohibitive. To some they will be quite un- 
economic, because there will not be enough work to 
keep the highly-qualified, highly-paid staff fully 
employed. 

Is there a possibility of developing design and 
planning service on a hire-basis for small people? 
There seems to be a clear field for this type of central 
service in computer work, where programming and 
machine time will be on hire. Why not in some of the 
other fields? 

Perhaps the larger customers may find it worth 
their while to provide such services to some of their 
smaller but vital suppliers. It has been suggested 
that assistance towards the cost of equipment may 
well be provided by large customers to small men, 
and the idea of providing skilled technical help also 
would not seem to be too difficult or far-fetched. 

To some extent work of this kind is already done, 
much technical help being given by the larger con- 
cerns, and also by consultants. But this is not organ- 
ised as a rule in quite the way of regular but part- 
time service, whereby the part-timers are a permanent 
and necessary part of the management set-up in a 
smaller concern. 

It is almost certain that some, at least, of the 
consultants have such a service very much in mind, 
if not as yet in actual being. 


Conclusion 


Perhaps one of the better results of the current 
interest in automation is that apart altogether from 
the mere fact of doing things much faster, more 
cheaply and more efficiently, the things being done 

(concluded on page 447) 








13-Station Individual 

Transfer Machine Machines 
Capital cost £25,903 £30,850 
Floor space 390 sq. ft. 500 sq. ft. 
Cost per m/c 
operating hour £3. 13s, 3d. £4, 8s. 9d. 
(Power, Deprecia- 
tion, Insurance, 
Repairs, floor space, 
etc.) 
Labour cost per 
hour si — 11d. £2. 17s. 2d. 
Output .|3,000 Components | 2,500 Components 























der 
ine 


ine 


on- 
na 
be 


ey 


to 
ally 


und 
le: 
ral 
ind 
the 


rth 
1eir 
ted 
1ay 
en, 
ilso 


ne, 
on- 
an- 
art- 
ent 
ame! 


the 
nd, 


ent 
‘om 
ore 
one 
147) 


nts 








DISCUSSION GROUP BI 





COMPUTER - ASSISTED 
PRODUCTION CONTROL 


by W. J. KEASE 


Mr. Kease is with A.E.C. Ltd., Southall, Middlesex. He was educated 


at the Temple Technical School and the Merchant Venturers’ Technical 





College, Bristol. His early practical training was obtained in the Motor Works 
of the Bristol Tramways and Carriage Company, Limited, where he was 


subsequently employed in the production and development departments. 


In 1950, he joined a well-known firm of consultants as a Design Engineer, 


being promoted to site Engineer-in-charge in 1952. 


In 1953 Mr. Kease joined A.E.C. Limited, as Technical Assistant to the 


Production Control Manager, assuming his present post as Technical Assistant 


(Director’s Office) in 1955. 


PART I: THE BACKGROUND 


peo PAPER will be devoted to the consideration of 


the production control department in a company 
manufacturing heavy road vehicles, and especially 
with the introduction of an electronic computing 
machine into its routine procedures of co-ordinating 
and regulating the company’s output. 

The function of production control in an industrial 
concern is one of attempting to effect a compromise 
between two things which have all the prima facie 
appearances of being irreconcilable opposites. It has 
to endeavour to satisfy every requirement of the sales 
market, and every need of the production factory; 
to give, in effect, maximum service, and yet, equally, 
to get maximum productivity. To obtain the best 
practicable settlement between these factors, two 
things are implied: 

1. The best possible forecast of the earliest possible 
product deliveries compatible with the minimal 
risk of disappointing the fewest possible potential 
customers. 

2. The attainment of the maximal level of plant 
utilisation consistent with the smallest possible 


variation from the cheapest available processing 
methods. 

Production control is not, therefore, an outcome but 

a device: a device which, at a determined level, will 
initiate certain actions, subsequently appraise them 
for divergence and ultimately indicate such corrective 
action as may be necessary. As a device it depends for 
its adequacy upon communication, for, as Professor 
Wiener has pointed out, control is merely communica- 
tion that has been made effective. For the communica- 
tion to be effective, then obviously its information 
content must be high, the interference level ‘‘ low” 
and the communication channels well-defined. The 
state of interdependence obtaining in any system 
depends directly upon the speed with which a signifi- 
cant event at one place is adequately transmitted to 
every other place and it will only operate properly if, 
when its communications are directed into these 
fixed channels, the transmission of their contents is 
at a sufficiently fast rate from one point to the next to 
enable the system to operate as a whole. A production 
control procedure must be designed so that the activi- 
ties of each of its portions conforms with its total 
activities. If this mutual agreement does not exist, 
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within pre-established date limits. The extent of the 
second cannot be too rigidly generalised upon, for 
each industry has its own highly individual control 
structure and, in any case, the precise scope and auth- 
ority of the production control department itself 
varies from one individual concern to another (Fig. 1). 


then the end result is not orderly and meaningful, 
but a jumble of semi-independent processes and the 
‘“* department ” exists only in the imagination of a 
biased observer; in real terms it is a collection of 
entirely separate units and processes. 


Consequently, if a production control procedure is 
to function effectively, it must have access to vast 
quantities of continuous data and the ability within 
its own mechanisms to transmute those data into the 
form which, when expressed as physical action, is 
suited to the needs of both the customer and the 
manufacturer. These overall requirements may be 
considered as being channelled to form two main 
activities: the development, by mathematical 
methods, of a comprehensive production plan; and 
the translation of this plan into the necessary action 
through the processing of control information. 








Production control in the heavy vehicle industry 






In the British heavy vehicle industry generally, 
production control is a mixture of the serialised and 
order varieties. There are very few of our manu- 
facturers who construct over 40 twelve-ton vehicles, 
or their equivalent, per week and fewer still who make 
over 60, and these levels of output hardly lend them- 
selves to wholly serial processing methods, particularly 
if the range of products is wide. As a consequence, 
there is a certain amount of batch machining flow 
at established rates founded on long-term production 














Of these two the first is of the higher order, for it 
should be a direct interpretation of the Board’s 










production policy which should, in turn, be very 
largely based on objective attempts to determine the 
volume and types of sales which can be expected 
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plans, but at the same time a proportion of the work 
is undertaken to satisfy the needs of individual short- 
term orders, each of which requires an exclusive 
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Fig. 2. The Production Control Department of the 
Manufacturing Unit 
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plan. All major assembly operations tend to be on 
the continuous line principle, so there is a perpetual 
need for the reconciliation, via the stock inventory 
optimisation, of the two methods. 


The production control department in a_ specific 
company 


The production control department in the Company 
on whose practice this Paper is based, forms one- 
third of the manufacturing unit, as shown in Fig. 2. 
It is responsible for liaison with the sales organisa- 
tion—which is established as a separate company— 
and, in conjunction with that body,with the formula- 
tion of production programmes based on the already 
mentioned determination of probable sales. It is 
responsible for receiving and analysing information 
issuing from the drawing offices; the requisitioning, 
scheduling, receipt, storage and issuing of all 
materials; the compilation of machine tool loading 
statistics based on the production programmes and 
the implementation and continuous recording of 
achievement through the medium of its progress 
section. 


The first move in the manufacturing procedure is 
the issuing by the sales company, to the manufacturing 
company, of a bulk order covering definite quantities 
of basic vehicle types which it is anticipated will be 
required during a stated period commencing not less 
than nine months from the date of the bulk order. 
The bulk order is, in effect, a long-range sales 
forecast, which, when received by the production 
control department, is analysed into part number 
form and the total quantity needed of each part is 
calculated. Then, taking into account any over- 
commitments for material made against existing sales 
orders, requisitions are issued to the purchasing 
department, who place orders with suppliers. 


Later, a production programme is issued (compiled 
jointly by the sales and manufacturing companies) 
listing in weekly form the order in which the vehicles 
covered by the bulk order are to be built. The 
vehicles on the production programme represent 
definite orders, so it is now possible to calculate the 
rate at which the material is needed from the suppliers ; 
it is also possible to take into account material for any 
special features which customers require to be 
incorporated. 


A document called a traders’ schedule is issued 
instructing suppliers when to deliver and in what 
quantities. As the material arrives it is booked in, 
and, when it has passed inspection, the outstanding 
balance is reduced. 


This procedure may appear straightforward, but it 
must be appreciated that it has to be carried out for 
every part number on vehicles contained in 24 main 
groups, comprising a possible (though not probable) 
270 vehicle types and 30,000 different pieces. Account 
has to be taken of such things as a part number 
being used in varying quantities on different models 
and the necessity, on occasion, to procure the same 
material from more than one supplier. 


Every transaction (ranging from a simple ‘‘ goods 
received” entry to the complex assessment of a 
traders’ schedule) involves one or more calculations 
followed by some kind of entry on records. The total 
amount of clerical work involved is obviously very 
substantial. 


The work of compiling the machine tool loading 
summary is comparable to the foregoing. It involves 
treating each factory-machined part separately, 
assessing its total requirements in the form of different 
machining operations: milling, drilling, grinding, 
and so on, in accordance with the production 
programme. Account is taken of the economic 
machining batch sizes and the batch throughput 
times, and a document known as the factory schedule 
is created, showing the operation starting dates for 
each batch of each part number over the appropriate 
period ahead. 


The plant capacity is naturally taken into account 
on the factory schedule, any possible overload being 
either sub-contracted or re-scheduled to an under- 
loaded period. 


A master record card is kept of all material move- 
ments, goods received, rough stores issued, finished 
stores issued, goods dispatched, and so on, all of which 
involves large numbers of minor calculations and 
other office routines. 


The data-processing procedure in conjunction with 
the foregoing state was an exclusively manual one and 
had functioned in a satisfactory manner for a number 
of years. The growing signs were, however, that the 
system was becoming increasingly insensitive to the 
various conditions imposed on it, and it was decided 
to review the requirements for the operation of a 
production control procedure and to determine what 
measures were needed to transform the conclusions 
arrived at into an effective control technique. At this 
stage it was obviously not known what conclusions 
would be reached, nor whether the “ technique ” 
would involve anything more elaborate than the 
doubling of the clerical staff. 


Initial investigation 


Whilst some of the important, and self-evident, 
steps were to investigate the volume and quality of 
the paper-work throughput and the matrix on which 
it operated, it was equally apparent that a vital 
requirement was to ascertain to what extent the purely 
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Chart following an investigation : 


Material Control issue a ‘“ production release ”’, 
together with a drawing of the component approved 
for production. 





Ratefixing Department pile a temporary process 
layout and pass this with the “‘ production release ” 
to the Planning Section, the drawing being filed. 


Planning calculate economic batch size and produce 
temporary planning study, acting on the “production 
release ”’. 


The throughput data are recorded by Planning on 
the master Material Control card. 


The “ production release” is sent to the Jig and 
Tool D.O. together with the process. Jig and Tool 
record what tooling is available and file details 
of the component for future action. The “‘production 
release’ and process layout are returned to 
Ratefixers via Planning. 


(6) 


(7) 


(8) 


(9) 


(10) 


Ratefixers adjust temporary layout to suit available 
tooling, and forward layout to Document Printing 
Section via Planning. The ‘“‘ production release ” 
is filed. 


Document Printing produce plates and forward 
proof copy to Ratefixers. 


Ratefixers check proof and pass back to Document 
Printing with authority to initiate production 
paperwork. 


Document Printing produce paperwork and forward 
complete set to Ratefixers, who file Master Process, 
send tooling record to Jig and Tool D.O for filing, 
and planning study to Planning for filing. 


Throughput card is finalised by Planning and sent 
to Document Printing for use as reference when 
batches of parts are scheduled on manufacturing 
departments. 
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quantitative aspects of the product had changed over 
the twenty or so years the system had been in opera- 
tion. In other words, to discover if the nature of the 
product had changed to a degree that the mathem- 
atical and control methods inherent in the system 
were inadequate. 


This was done and although, naturally, the 
company worked on the basis of manufacturing the 
maximum number of products from the minimum 
number of pieces, the demands of competition in 
expanding world markets had been high. While the 
rate of production had increased by an amount 
which may be called ‘‘X’’, the number of different 
piece parts making up the range of vehicles had 
increased by 20X, the number of units such as 
gearboxes and axles had increased by 10X, and the 
number of vehicles in range by 13X. In addition to 
this, the customer pattern had changed to the extent 
that the number of individual customers had out- 
stripped by several times the increased rate of produc- 
tion. 


These factors were, in themselves, sufficient to 
suggest that the insensitivity of the system was possibly 
caused by its increasing inability to deal with an 
ever-growing load at a purely data-processing level, 
and a subsequent investigation of the throughput 
confirmed this diagnosis. 


The second investigation was carried out in two 
sections, and these have already been mentioned :— 


1. The matrix on which the system’s documentation 
circulated. 


2. The volume and quality of the documentation 
itself. 


It was soon discovered in relation to (1), that 
nobody knew exactly what the matrix was, though 
on paper a logical version of its layout existed which, 
if taken at face value, would have proved that nothing 
at all was wrong with this aspect of the production 
control procedure. The truth was that over the years 
the communication channels forming the matrix 
had become, for practical purposes, somewhat ill- 
defined, with the result that some people were getting 
documents they neither needed nor used, while others 
were not getting certain paperwork vital to the 
efficient functioning of their parts of the procedure. 
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Fig. 4. An outline of an electronic digital computer 








In relation to (2) the volume of the documents 
circulated was very great and the quality varied 
considerably (Fig. 3). 

Any procedure involving people is, in any case, 
dynamic and subject to continuous change. One 
person may unilaterally decide that a particular 
portion of a routine is unnecessary and will ignore it. 
Another may decide that additional activities are, 
for what appear to be valid reasons, essential, and 
ncither views the system as a whole. In consequence, 
over a long period of time, the real procedure drifts 
from the apparent and intended by a considerable 
amount. Such a drift, implying a lower quality of 
functioning, is obviously a brake on the progress 
made towards the achievement of the desired end. 

The second investigation showed that the data- 
processing procedure operated on the principle of 
the “ vicious circle.”” The slowness of the throughput, 
brought about by the increasing quantities of paper 
being circulated, was having the effect of lessening 
the accuracy of the master records, and important 
decisions were being made on a basis of false data. 
The inaccuracy of the records—constant “‘ checking- 
up” being essential—was slowing the operating 
speed still further. Manufacturing schedules were 
compiled on information containing all manner of 
generalisations necessitated by the lack of adequate 
data-processing tools and. time, and_ valuable 
‘action’ time was being lost. 

Whilst it was realised from the outset that, in spite 
of all ambition to the contrary, it is impossible to 
manufacture a complex product without a correspond- 
ingly complex analytical and control device, it was 
also realised that the overall system being controlled 
must be the best that can be devised. Thus, arising 
out of the first investigation, two recommendations 
were made which have no direct bearing on the 
subject of production control as being dealt with in 
this Paper. These were: a systematic reduction in 
the variety of models to give maximum reduction in 
the variety of individual piece parts, and the in- 
auguration of a marshalling scheme to give maximum 
information with regard to the direct availability of 
materials and an increased efficiency of materials 
flow. 


Initial analysis leading to proposals 


The production control procedure, it will be re- 
called, is being considered as concerned with two 
main activities: 


1. The development by mathematical methods of a 
comprehensive production plan. 

2. The translation of this plan into the necessary 
action through the processing of control 
information. 

It is apparent that both these activities depend on a 
foundation of the four fundamental tenets of arith- 
metic, together with such special data-input, data- 
processing and data-output measures as the individual 
organisation demands. 

Office arithmetic is trivial and boring, but 
voluminous and time-consuming. It consists, for the 
most part, of one or two additions or subtractions 
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per operation, though there are occasionally multipli- 
cation sequences involved, and, very occasionally, 
division. 

The results of the second investigation suggested 
that an important requirement, and possibly an easy 
one, was to speed up the arithmetic. Some form of 
machine seemed indicated, it being well known that 
the simplest arithmetical routine to mechanise is 
addition. Subtraction and multiplication follow; 
division is the most difficult of the four. It was also 
deduced that merely to extend the manual method 
in other, non-arithmetical directions, even if the 
system were extensively revamped for the purpose, 
was not to provide the answer, since it appeared that 
the rapid inter-relation of separate pieces of informa- 
tion and data feed-back necessary for accuracy and 
greater control could not be achieved by the use of 
more and more clerks. 

The possibilities of the increasingly publicised 
electronic data processing equipment were now, for 
the first time, considered, information being gathered 
from all representative sources. 


Digital computing machines 


An electronic data-processing system is built 
around a central computing machine and, since most 
business data processing is concerned with “numbers” 
or “digits,” the machine is usually termed a 
“* digital” computer. In simple terms, an electronic 
digital computer is a device which performs calcula- 
tions and certain other logical operations through the 
media of electrical transmissions and discharges, in 
accordance with a numerical scheme based on digits 
which progressively do not vary. It is normally 
designed so that an entire sequence of operations is 
performed on the machine itself, there being no 
human intervention from the time the data are 
entered into the machine until the final results are 
produced. It is also capable of performing any given 
sequence of operations a fixed number of times on 
different sets of data. This cycle is known as 
“* iteration ”, and the device which causes the correct 
sequence of operations to occur at the correct time 
is known as the “ control unit.”” The sections of the 
machine which operate on the digits in the perform- 
ance of addition, subtraction, multiplication and other 
routines are known as the “ arithmetic unit.” 

Because the machine, using the speed of the electron 
for calculating purposes, can operate at so fast a rate 
that a human operator cannot possibly supply it 
with data at a comparable speed nor write down the 
answers as fast as the machine can calculate them, 
special measures have to be taken to provide the 
machine with “ input ” and “ output ” devices. As 
yet computers cannot read human handwriting nor 
generally recognise formalised script, so the input 
devices have to be fed with media coded in a manner 
the computer can assimilate. In a like manner, if 
output media have to be retained for further machine 
processing, they have to be suitably coded by the 
output devices. If the output is required for further 
processing by manual methods it has to be conven- 
tional, which pre-supposes that it must be presented 
in an appropriate form—often on specially printed 
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Fig. 5. An illustration of ‘“ branching ” 


stationery—ready for use. In addition to the mathem- 
atical content, such output must often contain alpha- 
betical digits to classify it by title, trade name, and so 
on, under one or several headings (Fig. 4). 

Digital computers have, in addition to the ability 
to perform a fixed cycle of operations a given number 
of times on different sets of input data, a feature which 
is unique, and which will be of increasing value as 
they are applied more and more to the resolving of 
commercial problems. This feature relates to the 
ability of the machines to vary certain portions of the 
cycle of operations according to the results obtained 
in immediately preceding portions, and is called 
** branching ”’ or “‘ transfer.”” This is shown graphic- 
ally in Fig. 5, an indication being given that the 
quantitative nature of the result obtained up to 
point “‘A” automatically directs the machine to one 
of two courses of subsequent action. The whole set 
of operations necessary to solve any specific type of 
problem is called the “ programme,” and the total 
list of different and separate operations a particular 
machine is able to perform is called the ‘ order 
code.” 


The section of the machine used to hold inter- 
mediate results of calculations and other factors is 
called the ‘storage unit.” A digital computing 
machine designed for commercial use is, for economic 
reasons, usually provided with storage only sufficiently 
large enough to contain all the factors for use in 
calculations and to accumulate results for output 
under different headings, the storage being cleared 
after each separate and discrete series of operations. 
Since, and as has already been indicated, a com- 
mercial routine (such as production control) must 
have access to vast quantities of continuous data, it 
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some external medium. 


External storage — punched cards 


There are many types of external storage media, 
but one of the most economical and convenient 


forms is the punched card. By means of a code of 


holes these cards allow a flexible method of recording 
information and permit relevant data to be initially 
processed, selected and fed to the computing machine 
in a very efficient manner. Punched cards may also 
be used as move tickets and other engineering shop 
documents, etc., permitting large-scale economies in 
stationery to be made, and time saved in translating 
from ordinary language to computer “ language.” 


Recommendation for production control 


In connection with the production control pro- 
cedure under review, it was determined that electronic 
data processing equipment with punched card 
actuation might be a practical proposition and it was 
resolved that the machinery should: 

1. be capable of dealing with a very large volume 

input of alphabetical and numerical material; 

2. be able to store data required during calcula- 
tions and hold them for immediate access: 

3. perform most normal arithmetical operations 
during the standard time of one card passage 
but, in the case of more elaborate calculations, 
delay output until the work was completed; 

4. accumulate the results of calculations until 

required ; 

5. have the facility of dual output, i.e., punched 
cards or printed tabulations and be able to 
output at speed in both alphabetical and 
numerical symbols; 

6. be capable of programming in a simple, effective 

manner; 

be reliable, adaptable, and economical to 

purchase (or hire), and operate. 


a | 


Consultation with specialists 


The next step was to hold preliminary consultations 
with the principal manufacturers of punched-card 
actuated electronic data-processing equipment, and 
reports of appropriate installations in America were 
studied. In addition, a visit was made to a Continental 
firm using data-processing machines to control a 
batch production factory. Although this latter 
company manufactured sewing machines, the variety 
of their products and the number of pieces involved 
showed what could be achieved with the latest 
electronic office equipment. 

After this preliminary work, a computer manu- 
facturer was invited to make an exhaustive survey 
of the Company’s needs. This survey affirmed the 
variation of product and the piece part and material 
content of each; the material procurement and pro- 
cessing cycles; the stock control and plant loading 
measures dictated by the sales market and the factory 
capacity; the load and flow of documents at various 
stages; and full details of those factors bearing on the 
processing of data for control. 
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follows that the main storage is provided by means of 


A comprehensive report, with recommendations as 
to the machines required, was submitted to manage- 
ment and a series of round table conferences took 
place. After final deliberations at director level, a 
contract was signed to hire a series of machines— 
centred round an electronic unit—which answered 
the seven requirements outlined. 


PART II: THE NEW PROCEDURE 
The coded input 


The punched cards measure 7}” x 33” and an 
unpunched general specimen is shown in the upper 
half of Fig. 6. In all cases the information is carried 
in the form of rectangular punched holes in the body 
of the card, which has its vertical dimension divided 
into twelve and ‘designated from top to bottom 
R.X.O.1.2.3.4.5.6.7.8.9, and its horizontal into eighty 
columns (each capable of containing one digit) 
numbered from left to right, | to 80. The digits 0 to 9 
inclusive are shown punched in columns 2 to 11 in 
the lower card in Fig. 6. 

Alphabetical characters are represented by two 
punched holes in each column, A to I being denoted 
as Rl to RY, J to R as X1 to XY, and S to Z as 02 to 
09. 

This arrangement is shown punched in columns 
2 to 27 inclusive in the upper card in Fig. 7. The 
combination 01 may be used to represent a sign such 
as ‘*~”*, **/ or “* & ”? and is shown in column 40: 
**R” can also mean 12 or Ild, and “ X” mean 
11 or 10d, as shown in columns 32 and 33. 

Since cards are used as general purpose documents 
it is usual to have selected information which is 
already punched into the card, printed in normal 
characters along the top edge. A card bearing the 
part number A216JX and the title “ Engine” is 
shown in the lower card in Fig. 7. Each significant 
group of digits, such as a part number or a title, 
appears in a group of adjacent columns known as a 
card “ field ”; thus in Fig. 7, A216JX appears in a 
part number field of ten digits maximum capacity, 
and the word “ Engine” in a field of twelve digits 
capacity. Field lengths are completely flexible and 
are designed to suit each particular application. 


Libraries and files 


Cards are contained in what have come to be 
termed “libraries,” ‘status files’? and “ history 
files.” Libraries contain fundamental information 
relating to the manufacture of the product, and may 
only be altered for either or both of two main reasons: 

Change in product design. 

Change in manufacturing method. 

In the present case, three libraries were 
established : 

1. Model library—containing details of all the 

units (axles, gearboxes, etc.) used on each model. 

2. Unit library—containing details of all the sub- 

assemblies and piece parts used in each unit. 

3. Piece part library—containing details of the 

material used to make, and all the operations 
performed on, each piece part. 
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Fig. 8. A_ production schedule being 


printed direct from calculations 


Status files containing current positions of each 
item of stock were set up under the following headings: 
Rough material stock file—giving ‘‘ in stock ” 
and ‘“‘on order” quantities, “‘ allocated’ and 

** unallocated ”’ stock data. 

Finished material stock file—giving “‘ in stock ”’ 
and “in process of manufacture” quantities, 

** allocated *’ and “‘ unallocated ”’ stock data. 

Bought-out finished material stock file—giving 
comparable information to that contained in the 
rough material file. 

A further status file contains details of available 
plant capacity. 

History files contain all retrospective information 
relating to transactions affecting the status files, and 
history files such as ‘‘ orders on suppliers,” ‘‘ goods 
received ” and “ spares orders ”’ are being established. 

To date, the basic libraries are complete, a bulk 
order has been analysed, stock recording is in 
operation, and two sections of stock control. Machine 
tool loading is in a fairly early experimental stage. 
The brief outline of the data-processing technique 
which follows, is not, therefore, fully backed by 
practical experience. So far as is known, the installa- 
tion will be the first of its kind in the country to be 
performing a full routine on production control and 
while it will be of experimental nature for a period, 
a working procedure has been devised. 


The processing technique (Fig. 8) 


The new electronic data processing procedure 
begins with the analysis of a bulk order from the sales 
company. The relevant model cards are withdrawn 
from the library with all the appropriate unit cards 
behind them. They are put through the computing 
machine preceded by instruction cards stating “‘ 200 
sets of units form Model ‘A’, 250 sets for Model ‘ B,’ 
200 sets for Model ‘C’” and so on, according to 
the requirements of the bulk order. 

The computer calculates the number of each unit 






required for each model and punches cards (one for 
each unit) with this information. The unit cards are 
then sorted into alphabetical and numerical order. 

This procedure is repeated with the sub-assembly 
cards preceded by the unit cards, the computer 
calculating the total quantities required of each 
sub-assembly, and punching blank cards with these 
data. Once again the process is repeated, now with 
the piece part cards preceded by the sub-assembly 
cards, the computer calculating the piece part 
requirements and punching the answers into blank 
cards. The piece part requirements cards are sorted 
into part number order. 

The finished stock status cards are merged with 
the requirements cards and fed into the computing 
machine, which deducts unallocated stock balances 
and produces a requirements card for each “ finished ”’ 
part. 

The material cards from the piece parts library 
are then merged in, so that rough-material part 
numbers and sizes can be established. The stock of 
rough-material cards are merged in, the machine 
deducting any unallocated stock balances. Through 
its output printing unit, it prints a list in part number 
order of material to be purchased. This list is used by 
the purchasing department as its authority to 
purchase. 

When the orders are placed, the purchasing 
department returns to the data-processing section 
information on the names of suppliers and quantities 
placed on order, punched card input bearing this 
information being prepared. 

At a later date when the production programme 
has been arranged, the computer calculates the rate 
at which the material is to be delivered; due pro- 
curement and processing time having been allowed. 

A traders’ delivery schedule is printed on the out- 
put unit of the computer, and _ simultaneously 
punched cards bearing this information are produced. 
A copy of the printed schedule is sent to each supplier 
concerned. 
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A somewhat similar procedure to the foregoing 
applies to the carrying out of the planning function; 
the computer calculates the starting and finishing 
dates for each operation performed on each batch 
of work, and by totalling, the overall machine load. 
Should a particular section of the factory be over- 
loaded, the jobs suitable for sub-contracting are 
automatically selected—a check having been carried 
out to ensure that the jobs so affected could not be 
re-scheduled to an underloaded period. 

When the computer calculates the delivery dates 
for material, it punches up goods-received cards, 
which are set aside in a special file to be issued to the 
goods-received department a week before the material 
is due in. Should the material, when delivered, vary 
from the pre-punched information, the cards are 
easily adjusted. 

In a similar manner, when the computer calculates 
starting dates for batches of work, it pre-punches 
material requisitions and job operation cards. These 
latter are intended to act as the core of progress 
effort. 

Five days before jobs are due to be commenced, a 
printed list is supplied to each foreman showing the 
work to be performed on the particular section for 
which he is responsible. Job cards, bearing the 
starting and finishing dates, are also issued at this 
juncture. As jobs are completed the operation cards 
are returned to the data-processing section and 
checked against manufacturing schedule, all jobs 
behind schedule being listed daily for manufacturing 
priority action. 

There are, of course, many other jobs laid out for 
the computing machine in addition to the principal 
ones just outlined. There is the maintenance of the 
stock status files, for example. Stock movement cards 
are regularly sorted into part number order and 
merged with current status cards; the computer per- 
forms the required balancing calculations and 
automatically produces new stock status cards. 

The computer is also programmed to calculate, 
three weeks before erection is due to begin, quantities 
of parts to be issued against the vehicle erection 
programme, and to print a list of ‘* shortages,” 
if any, for progress action to be taken. 

To sum up: the whole routine analytical and 
clerical procedure of the production control depart- 
ment has been designed to be swift, accurate, and to 
high-light “‘ action” points. It has been designed to 
be as automatic as possible and to release the clerical 
staff in the department to more essential work. 


Part III: THE COMPUTER AND 
ITS ANCILLARIES 


The electronic data-processing section comprises 
fifteen machines, three of which, when linked to- 
gether, form the computer. This group, which has 
been colloquially termed ‘the hook-up,” is an 
amalgamation of a fairly flexible plug-board pro- 
grammed calculator with punched card input and 
output and an accounting machine which acts as a 
card reader, output printer and addition storage 
device. 
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With the smaller computer, say, one which is 
capable of performing up to 100 programme steps, a 
very useful way of controlling the sequencing of 
operations is by means of plug-board control panels. 
With this method, the circuitry of the machine is 
physically changed for each separate set of steps 
(representing a complete “ programme ”’) the com- 
puter is required to perform. 

By means of a formalised arrangement of connec- 
tions, wires to complete specific circuits—and hence 
to allow desired operations to occur at the correct 
time—are always plugged to the same places on the 
plug-boards. 

Since the amount of work required to prepare a 
programme plug-board is considerable, the boards 
themselves are usually made detachable—as shown 
in Fig. 9—and for each “standard” job plug- 
boards are maintained in fully wired-up conditions. 
By this method the computer, which is designed as a 
general purpose machine, becomes “‘special purpose”’ 
as soon as a particular set of plug-boards is inserted. 

The computer is shown in the photograph Fig. 10. 
The main arithmetic and storage unit is on the left, 
the punched card input, printed output and sub- 
sidiary storage unit is in the centre and a punched 
card input and output unit is on the right. 

A simplified layout diagram oi the machine is 
shown in Fig. 11. As will be seen, it consists of read 


A pre-wired plugboard entering the machine 


hig. 9. 
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in and read out facilities, storage devices and an 
arithmetic unit as already mentioned, together with a 
control unit. The main storage consists of two basic 
types—electronic decimal counters and electric relay. 
The electronic storage counters are made up of four 
binary “ flip-flop’ valves on the 1.2.4.8. basis. 
There are 32 positions of general storage of this type, 
a special 5-position storage for storing the multiplier 
when multiplying and in which the quotient is 
generated when dividing, and a 13-position counter 
or accumulator in which all arithmetic occurs. 
This counter has the facility for handling decimal 
carry-overs The wire relay storage consists of 96 
positions, again on the 1.2.4.8. basis. 

Reading in is by way of an 8-wire bus circuit, as is 
reading out. To read in a digit, a series of pulses 
equal to the value of the digit are applied to a counter. 
To read out, a series of ten pulses are applied, a pulse 
being transmitted through the appropriate “‘ read 
out ’’ bus wire when the counter arrives at zero; the 
counter, of course returning to its original state after 
the application of the tenth pulse in the applied series. 


Common Entry Channel (R 1.) 


The “ column-shift ” unit, Fig. 12, and the ‘* add- 
subtract ” control regulate arithmetical operations 
the performance of which involves the transferring of 
digits from one storage unit to another. The column 
shift unit, as will be appreciated from the diagram, is a 
switching network for shifting connections between 
the reading in and reading out bus wires under the 
control external signals. 

To demonstrate the workings of the machine in a 
simple mode, the diagram in Fig. 13 shows the plug 
board wiring for the arithmetical operation, 

x(a-b) =». 

It has already been stated that one of the funda- 
mental advantages of computing machines is with 
respect to “‘ branching ” or conditional transfer. On 
the present machine, the achievement of this result 
involves the suppression of certain individual pro- 
gramme steps or greups of steps, and the repetition 
of certain groups of steps as a process of iteration. 
All these things can be “ plugged”, and the 
machine can in one iteration perform 70 programme 
steps. 
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Fig. 14 (below). 


A sorting machine 





Fig. 13. 





The plugboard above demonstrates the wiring for the 





simple equation x (a-b) y- 
Input The faetors x, a, b, are each contained in two 
columns on a punched card and when read by 


the computer, a and b are read into factor 
storage and x into multiplier storage. 


i Process On programme step 1, factor * a” is read out of 
; storage and into the counter. On step 2, factor 
F *‘b’ is read out of storage and subtracted into 


the counter which now contains (a-b). On 
step 3, the counter is read out and reset, (a-b) 
being read into storage. On programme step 4, 
this storage is read out ‘x’ times into the 
counter, which at the end of the step will 


obviously contain x (a-b). 


Output The counter exit channels are wircd to the 
punching control channels, so that as_ the 
counter reads out on programme step 3, the 

, 


answer ‘y’ is automatically punched into the 
desired columns of the same ecard as_ that 





containing the original factors x, a, and _ b. 
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Fig. 15. 


A mark-sensing card 
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The accounting machine portion of the ‘* hook-up ”’ 
has the facility to enter factors into storage in the 
arithmetic unit, as well as to store up to 80 digits 
within its own electro-mechanical unit. ‘The machine 
as a whole can read all 80 columns of a card and 
punch all 80 columns of a blank card. 

The speed of the machine is } millisecond for 
addition, 11 milliseconds for multiplication, 13 milli- 
seconds for division and 48 milliseconds for transfer. 

The other twelve machines in the data-processing 
section comprise three card punches, three card 
verifiers, two sorters, one collator, one interpreter and 
two reproducers. 

A card punching machine is operated electrically 
from a keyboard similar to that of a typewriter, 
alphabetical or numerical information being punched 
by a single key depression. ‘The machine can be set 
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up for duplicating repetitive information at the rate 
of ten columns per second. 

The verifying machine is similar to the punching 
machine, but instead of punching, it electrically senses, 
at each key depression, the information which should 
already be punched in the appropriate column. If an 
error is detected and confirmed, i.e., if the information 
in the column being sensed is different from that 
transmitted by the key being depressed, the machine 
locks and the card has to be removed for repunching. 

A sorting machine is shown in Fig. 14. It allows 
punched cards to be repeatedly arranged and re- 
arranged in different combinations, permitting a 
great many analyses to be prepared from one original 
recording in the cards. ‘The machine incorporates 
an electronic amplifying unit and sorts at a rate of 
39,000 card columns per hour. 


Fig. 16. The electronic data processing department, showing : 1 - 3, files and libraries ; 4, collator ; 5, sorter ; 6, sorting 
rack ; 7, reproducer ; 8, sorter ; 9, verifier ; 10-12, punching machines ; 13, verifier ; 14, interpreter ; 15, reproducer ; 
16, calculating and storage unit; 17, card reader and output printer; 18, punch card input and output machine. 
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cards in accordance with a precise method. This is to say that 

the Part No. always appears in the same place on the punched card, 
as does every other item of information concerned in the transaction. 
The reason for this rigidity in lay-out is that the computing machine 
can only deal with information produced in a uniform manner. 

To assist in the translation of information from transaction 
documents to the cards, it is important that the transaction documents 
be filled in clearly ami accurately. The Part No. must always appear 
in the place reserved for Part No., the Order No. must always appear 
in the place reserved for Order No., ami so on. Documents must only 
be used for one transaction, i.e. pass forward notes must only record 
the passing forward of material into'stores, they must not be used 


for the subseocuent issuing of material, as has been the practice in 








Fig. 


certain instances in the past. 
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18. An instruction sheet 
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The collating machine automatically performs 
such operations as: filing current cards with previous 
cards; replacing old cards with new cards super- 
seding them; selecting all cards earlier than a certain 
date, as for analyses of jobs behind schedule; com- 
bining gross requirements cards with stock status 
cards; and separating them again after their use in 
computing machine operations. 

The interpreting machine translates the holes 
punched in the cards by printing on the faces of the 
cards the alphabetical and numerical information 
which the holes represent. The machine speed is 
3,600 cards per hour. 

A reproducer will repetitively copy information 
from a master card into any number of detail cards 
and into any required position in those cards. It will 
copy information contained in one pack of cards into 
another pack, both packs remaining separate and in 
order. 

One of the two reproducing machines is fitted with 
what is known as a “ mark-sensing”’ device. In 
certain applications, such as the issuing of material 
from a store, it may not be possible to use pre-punched 
cards; equally, to punch new cards from hand- 
written chits may be laborious. So special cards are 


438 


Fig. 19. Flow charts for a section of a typical analytical operation 





used and quantities involved are marked in pencil on 
the faces of the cards, Fig. 15. The reproducer 
transmits an electrical charge through the graphite on 
the marked surface and automatically punches the 
information into the same cards at a rate of 6,000 
cards per hour (Fig. 16). 


PART IV: INTRODUCING THE 


NEW PROCEDURE 
General comments 


The preparation for the introduction of the 
procedure and the introduction itself is being spread 
over three full years, of which two have already 
passed. This may, possibly, seem rather a long time, 
but no portion of the procedure has been transferred 
to the machines without considerable preliminary 
preparation as the following examples will show :—- 


1. The whole of the parts lists from which the 
libraries were compiled were not only checked 
against drawings but also reconciled with actual 
practice, and, where practice proved different 
from the written data but more suited to the 
needs of production, the data were changed. 
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The whole of the data circulation matrix was 
checked, and, where necessary, modified. The 
designs of the existing documents were carefully 
scrutinised and adjustments, in the light of 
changed circumstances, were made. 


In numerous instances, the document designs were 
discovered to be quite satisfactory, but the method of 
presenting the information on them was not. A 
typical sample of one of these documents is shown in 
Fig. 17. It will be seen to bear three separate and 
distinct transactions, and no control system, manual 
or machine, can consistently remain accurate if its 
information is presented in this fashion. 

Sheets such as that shown in Fig. 18 were circulated. 


3. In the case of the machine tool loading project, 
a small self-contained factory was used asa testing 
ground; the new procedure being introduced 
in three separate stages. ‘To begin with, a 


physical check was made of all work in process of 


manufacture, the existing shop documentation 
was withdrawn and punched cards—one for each 
individual operation outstanding on each batch 
of work—issued in its stead. As operations were 





Fig. 20. 


** Montage ” used for instruction purposes 








completed, the appropriate cards were returned 

to the data processing section and automatically 
compared with the production schedule, any 
deviations being notified to the progress section. 
The particular advantage of this stage was that 
useful ‘“‘ know-how ” regarding the circulation 
of punched cards through the manufacturing 
departments was obtained. 

The next stage was to compute electronically the 
already manually calculated batch schedule and to 
make such adjustments as were required. 

The third stage was to analyse a proposed produc- 
tion programme—to follow the stage two schedule— 
working backwards from the desired completion 
dates, due action being taken with respect to local over- 
and-under loaded conditions of the plant (Fig. 19). 


Selection and training of staff 

There do not appear to be, as yet, any fully accept- 
able “ rules ”’ for the selection of suitable staff for the 
operation of the types of machines being discussed. 
Certainly, however, one of the most important 
qualities needed is ‘‘ mental discipline, 
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absent, training is wasted. With the right mental 
approach, however, employees will leave nothing to 
chance; they will appreciate that they are using 
machines which are essentially logical in operation 
and that any information presented to the machines 
must be in a precise and established form. Both 
operators and machines must combine to form a 
data-processing unit. 

A simple example of this discipline is shown by the 
punching and verifying operations. The verifying 
machine checks the accuracy of the cards which have 
been punched by the punching machine. Since the 
verifying machine operator works from information 
used by the punching operator, the chances of both 
operators making the same mistake is extremely small. 
However, in the early stages of using the system such 
errors were being made. It was found that when the 
verifying machine detached an incorrectly-punched 
card, the operator withdrew the card from the 
machine, looked at the information punched on it, 
then operated her machine accordingly. By not 
having the right mental approach, this operator had 
doubted her own ability and preferred to believe that 
the punching machine operator had been correct. 

These errors were soon discovered and the punching 
and verifying machines were “ isolated ’’ from each 
other and no two girls worked together as a team. In 
addition, every card issued has to be accounted for 
and all errors passed to the supervisor. 
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Most of the initial training on all machines 1s 
provided by the manutacturers of the equipment as 
part of their comprehensive service, which includes 
full maintenance of the machines and advice on 
programming. 

Punch and verifier operators were selected in 
accordance with a simple aptitude test and trained 
on the customer Company’s premises. 

Their basic training consisted of learning the 
machine keyboard fingering, and how to get the best 
performance out of the machine. These operators are 
exclusively young girls of 16 to 20, drawn mainly 
from secondary modern schools. They translate 
routine documents into punched card form and, by a 
set method of testing, ensure that the machine 
produces cards which are suitable for subsequent 
processing. 

Training for the sorters, interpreters and repro- 
ducers was provided in the form of a one-week school 
on the premises of the supplier. This included basic 
instruction on the operation of the machines, examples 
of plug-board programming, tests to see if the machines 
could misfunction, and standard routines to be 
performed at regular intervals. Tests for these 
machines consist, in the main, of putting test cards 
with all alphabetical characters and digits through 
the machines to ensure that all the holes are 
read correctly and at the proper speed. 
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The collating machine course lasted one week and 
was only taken by operators who successfully com- 
pleted the first course. 

Computer programmers and operators completed 
a three weeks’ course on the hook-up after a week on 
the auxiliaries and a week on the collator. Pro- 
grammers are expected to have mathematical 
abilities up to Higher School Certificate or National 
Certificate standards and, if possible, a bias towards 
electrical engineering, though this is not essential. 
Those who operate—as distinct from programme-- 
the computer, need not have this mathematical 
ability to the same extent, but should have a higher 
level of mental discipline than the auxiliary machine 
operators, and an aptitude for assimilating in- 
formation. 

Successful completion of these courses does not 
mean, however, that operators are wholly capable 
of undertaking full responsibility for machine opera- 
tion. This only comes after some months of regular 
work on the Company’s products. In practice it was 
found that employees on the operational side with a 
knowledge of the Company’s products could be 
trained effectively, but that as a rule the analysis 
of the problem and programming it into the machine 
could be done rather better by a person who did not 
have too detailed a knowledge of the Company’s 
products, and had not become engrained with the 
way the manual system operated. 


Consultation with staff representatives 

The proposal for the electronic data processing 
system was introduced to all staff levels by short 
round-the-table discussions. ‘These concerned the 
work to be performed on the machines and the 
general manner of operation of the machines. 
Illustrated booklets, which graphically depicted 
various salient points, were supported by actual 
demonstrations on the machines. 

The first group to be contacted were the staff 
representative committee. When they were assured 
that the scheme posed no serious redundancy 
problems, they received it enthusiastically and 
requested additional information. 

The second group consisted of trade union repre- 
sentatives and members of the joint production 
advisory committee. The latter group then dis- 
seminated the information on the shop floor (Fig. 20). 

The third group were those employees concerned 
in the preparation of routine documents for trans- 
lation into punched cards. 

It has already been mentioned that a production 
control system, being dynamic and involving people, 
is liable to unregulated and unnecessary change. 
Such change has a potentially grave effect on the 
efficiency of the system as a whole, and so it was 
stressed to this group that all documents should be 
filled in in a precise manner and that any apparent 
anomalies should be notified to the supervisor. In 
this way considerable improvement was gained in 
production control records, even before the computer 
was used (Fig. 21). 

In all cases the new electronic data-processing 
procedure is being introduced gradually. In 
numerous instances the old and new systems are run 





in parallel, and only when the machine method is 
demonstrably running without flaw is the manual 
superseded. 


Future projects 

Other projects to those outlined are, of course, 
being investigated : 

(i) Labour-loading and requirements. Since machine 
tool loading and factory capacity have 
already been planned, it can be assumed 
that considerable benefit would be achieved 
by undertaking the complementary work of 
labour-loading. When the production pro- 
gramme is analysed into constituent opera- 
tions and manufacturing batches, the labour 
available can be scheduled to indicate what 
labour, of what specific types, is needed 
over the appropriate period ahead. This 
would necessitate setting up a complete 
personnel file in punched card form. Such 
a file would contain a short history of each 
employee and note any special attributes of 
an employee. 

(ii) Production of shop routine documents. ‘Vhe 
project for machine tool loading does not 
include routine production of such shop 
documents as manufacturing process lay- 
outs. In an organisation such as that 
described, these amount to many thousands 
in the course of a year’s production. It will 
be remembered that the number of in- 
dividual pieces in the range of vehicles is 
approximately 30,000. The average number 
of operations on these parts is around 10. 

Each manufacturing process lay-out con- 

tains information on manufacturing times, 
jigs, tools, fixtures needed for the processing 
of components on machine-tools, and 
detailed instructions as to what precise 
operations are to be performed. 
These lay-outs are now produced by 
embossed plates, up to three plates being 
required for each lay-out operation. This 
information can be translated on to punched 
cards for production on the printing unit 
of the computing machine, and _ possibly 
considerable amounts of time and money 
could be saved between the embossed plate 
and the punched card methods. 

From the foregoing it will be seen that in the 
company described, electronic data processing is still 
in its infancy. It is quite easy to imagine other 
processes which can be electronised. The important 
thing to bear in mind at all times has been that 
enthusiasm and foresight must be tempered by the 
intention to get each section working thoroughly 
on the computer before a further section is attempted. 

The slogan has been “‘ Accurate data for precise 
control.” 
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WHAT NEW SKILLS WILL 
THE FUTURE DEMAND? 


by C. B. GIBBS, B.Sc. 


F.R.S., M.A. 


April, 1957. 


oh the Sir Alfred Herbert lecture to this Institution 
in 1955*, Dr. N. H. Mackworth dealt with scientific 
studies of the skills which will probably be important 
in the future. He stressed the great potential value 
of this work in designing machines, setting out the 
general working environment, and _ developing 
effective schemes of training. 


The present terms of reference are to be as 
provocative as possible, rather than to enlarge or 
develop Mackworth’s admirable and well-documented 
Paper. The aim is to stimulate discussion and, 
perhaps, some tardy and much needed applications 
of the objective experimental work on human 
behaviour. The Paper, therefore, deals in the main 
with actual case studies from the services and 
industry. These fully support his general thesis, 
however, that in practice, all too often human 
behaviour is the subject for guesswork or for quiet 
despair. Since provocation necessarily involves some 
departure from philosophical detachment, the Paper 
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is to be regarded as an expression of my own 
experience and opinion. 

In general, industry accepts the need for objective 
facts and specialised knowledge in dealing with two 
main factors in industry, the machines and the money. 
The men are more often dealt with by individual 
opinion, intuition or experience, and the methods 
serve if no better can be found. But the measuring 
techniques and experimental approach of the modern 
applied psychologist have often proved better, and 
undoubtedly they merit wider trial and further appli- 
cations. Most of the current studies deal with the 
transmission of information through the human senses 
to the brain. They have led directly to the design 
of better industrial instruments and controls, and to 
overall systems for controlling machines. But infor- 
mation and its presentation is the main factor in all 
human relationships. 








* Published in the “Institution of Production Engineers 
Journal”, 1956, Vol. 35, No. 4, pages 214 - 240. 
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The usual connotation of skill suggests the manual 
dexterity of the craftsman, but more widely, it 
denotes ease and precision in the performance of any 
activity. 

The term can scarcely be applied to the present 
practice of management/labour relations for example. 
The future will demand that such activities should 
more nearly justify the description of a skill. It is 
hoped, therefore, that discussion will point to the 
areas where independent facts are most urgently 
required, and where communication in its widest 
sense could be most usefully studied. 

The Paper briefly describes the development of 
experimental studies of human behaviour, their 
present status and the main causes of their current 
neglect in industry. 

The future use and practice of “Human 
Engineering” is then discussed. This field is mainly 
concerned with the study of the relationships between 
men and machines, or their working environment. 
“ Social Engineering” is defined as the study of the 
relationships between social groups, and of the 
determinants of social behaviour. The urgent need 
for further studies in this field is emphasised. 


I. The development and present status of behaviour 
studies 


Objective studies of human behaviour are of com- 
paratively recent origin, arising as a reaction against 
the endless and age-old disputations of the 
philosophers. 

But the tendency to speculate, to rely on introspec- 
tion and opinion rather than experimentally deter- 
mined fact, is by no means confined to armchair 
philosophers or the ancients, particularly in the sphere 
of human behaviour. 


An old philosophical controversy well illustrates 
the points. Aristotle was long regarded as the 
exclusive fount of Divinely-inspired wisdom in 
Natural Philosophy, and an obscure passage in one of 
his works referred to the number of teeth in a horse’s 
mouth. Rival interpretations were possible, so contro- 
versy developed and continued until comparatively 
recent times, when an early experimentalist was 
moved to open a horse’s mouth and actually count 
the teeth. 


Progress since that point has not been entirely 
satisfactory and quite recently, I heard this old story 
in a new and libellous setting. The modern version 
is that the exchanges had actually taken place 
between two of our major Ministries. This is quite 
untrue, of course, but the story has sufficient point 
to command wide circulation and popular belief, at 
least amongst those best acquainted with the 
institutions in question. 


II. Reasons for neglect of behaviour studies 


We now have more respect for science and verified 
fact, but prejudice and tradition can still obscure 
those facts relating to human behaviour. There are 
some major reasons for this neglect and these should 











be discussed and clarified by a few examples, since 
there are no apparent or logical reasons why they 
should persist. 


Lack of knowledge 


The main reason for neglect is simply the current 
lack of knowledge of the extensive literature on 
measured human behaviour which is now available. 
This is not surprising, since a recent handbook of 
Experimental Psychology (by no means com- 
prehensive) contained over a million words. The 
subject is difficult and the practical implications are 
not readily apparent to managers and engineers, who 
are rarely trained in the scientific study of man. The 
inevitable result is that even the old work is rarely 
known and still less frequently applied. 

In a recent case in point, a new, complex and 
expensive machine was being designed, and _ it 
demanded rapid and skilful action at one part of the 
cycle of operations. In such cases it is best to make 
a simulator or mock-up of the task, and to make 
tests on this before settling on the final design. The 
firm readily accepted this method, but did not at 
first appreciate the great importance of making 
frequent and accurate measurements of the course 
of learning, or of the need to use a large number of 
representative operators for the tests. They finally 
agreed to the suggestions, however, and the experi- 
ments clearly showed the importance of such 
measures. Differences of over four to one were found 
between the ability of the various operators. On 
overage, the operators took five times longer to reach 
a high level of skill than the training period originally 
proposed. The original scheme of testing would not 
have given the proposed engineering solution the fair 
trial that the later one provided. Much time and 
expense were saved by making the simulator tests in 
advance of final design, since the tests pointed to 
important modifications and improvements of the 
original idea. 

But such techniques are still apparently the excep- 
tion rather than the rule in designing the workers’ 
machines and skills. 


Another recent case brought out the great import- 
ance of the transfer of skill. Two tasks may be re- 
lated in such a way that learning the first can give 
good indirect practice on the second. ‘This makes 
its subsequent learning easier and gives positive trans- 
fer of skill. But in other cases the learning of a first 
task may actively impede the learning of the second to 
give negative transfer. These factors proved to be 
very important in predesign studies of a complex 
machine where several engineering solutions were 
possible. These were all tried out on a simulator in 
advance of design. The men practised on each 
solution in turn for a uniform period of time. The 
firm’s assumption was that equal training periods on 
each arrangement would produce equal skill and so 
permit fair comparisons. But the results were con- 
flicting and the firm sought advice. It was clear, on 
examining the records, that both positive and negative 
transfer were affecting the results when men changed 
between the different arrangements. Equal times in 
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learning were not in fact producing equal levels of 
skill because of the order of presenting the tasks and 
the transfer effects. Again, the solution was to take 
frequent measures of the course of learning, and only 
to test the men on a particular arrangement when a 
definite learning plateau had been reached. By such 
measures the most effective arrangement was found. 

These simple psychological measurements made a 
great difference to the final efficiency of the man/ 
machine system. The best arrangement as found by 
experiment was over twice as good as others which 
might well have been adopted had their selection been 
left to chance. 

Human learning and the transfer of skill are 
unportant now and will remain so in the future. 
They have been studied scientifically by experimental 
psychologists for over 70 years, and many of the main 
determinants have been thoroughly investigated and 
presented in mathematical form. 

The skills of the future may well demand that some 
knowledge, of at least the earlier findings, should 
somehow percolate through to industry. 

The neglect of effective training is by no means 
confined to machine operators. I recently lectured at 
a summer training school for engineering undergrad- 
uates, held in a large firm. The purpose of the lectures 
was to shorten the transition time between students 
leaving University and becoming effective and know- 
ledgeable members of the firm. The period of relative 
ineffectiveness is usually estimated at about one year 
at present, but the idea behind the school was to 
reduce it to three months. Personal experience of 
several current training schemes would suggest that 
this is a modest target in many cases. It is heart- 
ening to note the growing appreciation of such facts 
in the Engineering Departments of some Universities, 
and in some major firms. But a very great deal 
remains to be done, before basic findings are widely 


used in industry. 


Lack of specialised responsibility for skill 


The neglect of operational studies in industry is 
sometimes due to the fact that no one man _ has 
specific responsibility for the overall function of 
machines, considered as the mechanical extensions of 
man. Some machines are designed by teams of engin- 
eering specialists each with a limited sphere of 
responsibility, and in such cases it is easy to overlook 
their overall function of serving Man. 

The classic example is perhaps a fighter aircraft 
which was designed by the usual teams of specialists. 
The resulting product was a fine technical achieve- 
ment, somewhat marred however, by the inability of 
pilots of normal stature to get into the cockpit. 

This particular example is from the U.S.A. but 
similar cases are by no means unknown in British 
industry. A recent examination of a proposed de- 


sign led to the comment which was previously quoted 
in Mackworth’s Paper. No fault could be found with 
the engineering design as such, but candour compelled 
the observation that one difficulty did remain. This 
was to design and manufacture the entirely new kind 
of human being who would be required to operate the 
proposed machine. 


It was fortunate that the con- 
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sultation was made in time and the proposed idea 
was discarded. 

The essential difference between the two countries 
does not lie in current practice or malpractice. It 
is that the Americans are taking drastic steps to 
remedy such situations whereas we, unfortunately, 
are not. U.S. Navy contracts for all machines which 
include a human operator contain the clause that 
the design must be passed by a specialist in human 
engineering. One major aircraft firm in America 
employs 14 specialists full-time on these duties. 1 
know of only one appointment of this kind in the 
whole of British industry. A similar disparity exists 
in training courses and the production of text-books 
of human engineering. The British worker in this 
field gains what meagre consolation he may from 
the reflection that this new branch of science origi- 
nated here. But rather typically, I think, the applica- 
tions and full exploitations of this originally British 
idea are left to other countries. 


Habitual ‘ sets’ in thinking 


A further main cause of neglect is the blinding 
effects of habit and custom. This applies to experi- 
mental psychologists as to others, of course, but they 
are perhaps a little more aware of, and on guard 
against its effects. They are newcomers to industry 
and this can be a definite advantage, in this 
connection. 

One example of its effects is found in the design 
and layout of typewriter keyboards. Studies were 
carried out to test new layouts. The general idea 
was to place the letters most frequently used under 
the strongest fingers and relegate others to the weaker. 

The arrangement which is optimal depends upon 
the structure of the particular language in use, which 
must first be analysed to find the relative frequency of 
letters (varying of course between different languages). 

The studies showed the large improvements which 
usually follow this kind of investigation. 

But it is possibly more important that further en- 
quiry was made to find why such an ineffective design 
had been adopted in the first case. The account given 
by one reputable source is that the typewriter was 
originally designed by an ex-compositor. He took 
over the arrangement of printers’ blocks with which 
he was familiar. This layout dated back to the 
Middle Ages. The story goes that the arrangement. 
although ineffective for printing English, was ex- 
cellent for printing Latin, and this had been its 
initial purpose! 

The moral of the second part of the story is more 
important than any lingering suspicion that it is a 
little too good to be true. This is that a great many 
machines and skills are relatively ineffective for 
human use for no better reason than “things have 
always been done that way”. 

This truth is probably so obvious that further 
examples are unnecessary. But in universal experi- 
ence, the nose is always in clear view, but is rarely 
seen without a conscious effort. Some things are too 
close, and have been there too long to be readily 
noticed. This applies in industry, as in human 
anatomy. 
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The designer /user aspect 
A further reason for the neglect of the operator’s 

skills is perhaps the most important, and is the most 

easily remedied without specialised knowledge. 

The designers of machines do not usually have to 
use them for any extended period. 

An example of the effects is seen in the wide 
difference in comfort, convenience and safety between 
a commercial lorry and a private car. The fact that 
car designers usually drive cars, while lorry designers 
do not habitually drive lorries, probably goes far to 
explain the difference. 

Some trenchant observations on this general state 
of affairs are now almost folklore. In the Royal Navy, 
for example, a Naval architect is popularly defined 
as “a man who designs ships he doesn’t have to live 
in” 

It can scarcely be deubted that the designers of 
many domestic appliances, cooking stoves and the 
like, are blessed with remarkably tolerant wives. It 
is difficult to believe that they have ever used their 
own products. 


Subjective factors 

Human beings are sometimes used ineffectively for 
a variety of associated reasons for which it is difficult 
to find a generic term. The neglect may stem from 
the typical human reluctance to take outside advice, 
or to submit a problem to independent investigation 
if this involves the surrender of any vestige of 
authority. In the extreme cases, this tendency may 
terminate in the well known disease of “N.I.H.” 
(Not Invented Here), by no means unknown in 
British industry. Some years ago, work was carried 
out on the direction indicators of cars. At that 
time the flashing light turning indicators were not 
legal here, and our semaphore arm type was not 
accepted in several other countries. It is clearly an 
economic advantage to produce standard cars, which 
can be exported without detailed modifications, to 
ail countries. It therefore, seemed useful to make 
controlled comparisons of the different signals. 

A long series of tests was carried out, using human 
reaction times, mistaken responses, relative visibility, 
and the time to learn the meaning of the signals as 
the experimental criteria. 

The studies gave clearcut results on their relative 
merits, and it was possible to point to the main 
faults of each type and to suggest improvements. 

There was, therefore, real hope that the issue of 
legalising flashing indicators would be decided on the 
basis of measured data rather than opinion. 

The status of scientific behaviour studies at that 
time is well illustrated by the fact that amended 
regulations soon followed the report. But so far as 
was possible, they were directly opposed to its recom- 
mendations on every major point. The result is that 
good, bad and indifferent car signals of many 
different kinds now appear on our roads. The re- 
sulting increase in confusion and uncertainty is 
causing the public concern and outcry which could 
have been reliably foreseen from the early experi- 
ments. The British public is in the unenviable 
position of repeating them on a larger scale and with 








much greater danger to life and limb. Industry and 
civil authorities, like the armed services before them, 
are learning the lesson the hard way, that it pays to 
have measured data of human performance. But 
there can be no doubt that the scientific method will 
ultimately replace individual hunches and opinions 
in this field, as it already has in the physical sciences. 


Restrictions of investigation 

A final reason for the comparatively ineffective use 
of people and their skills is the taboos and restraints 
which limit certain lines of investigations, because of 
their highly emotional content. 

The subject of human_ engineering which 
Mackworth and I have discussed, in the main, is com- 
paratively innocuous. This is not the case when 
certain extensions of the methods and findings are 
suggested. These extensions would carry the work 
into the field of social engineering, which is con- 
cerned with the relations, and methods of communica- 
tion between people, rather than between machines 
and people. It is widely alleged that such investiga- 
tions would be harmful, because of the existing 
tensions within industry. 

Some recent experiments on _ repetition-work 
machines will serve as an example. One group of 
test workers were given machines which had a counter 
indicator in clear view. ‘They, therefore, had con- 
tinuous and rapid information on the number of 
items they had produced. Another group was given 
no numerical information of this kind. No bonus 
or incentive payments were given to either group, 
the experimental variable was simply the giving or 
withholding of plain information. The group who had 
information, or knowledge of results, gave consistently 
higher output of the order of 25°/,, and this obtained 
when the groups were changed round to equate the 
factor of ability. 

There is little doubt that the human engineering 
aspect of the work will be applied. But there is 
considerable doubt whether the findings will be 
readily extended to social engineering, although this 
could be far more important. The nature of possible 
applications will be clearer if the main effects of 
information are described, since information provides 
the main link between human and social engineering. 


If. The nature of information and communication 


So far as is known, all human learning and hence 
the vast majority of human behaviour depends 
entirely on information and the way it is presented. 
Learning is impossible without knowledge of results, 
since mere repetition by itself gives no improvement 
in a skill. Information which is delayed by even a 
few milli-seconds is demonstrably less effective than 
that given immediately. Punishment or reward, 
however they are given, may themselves act as 
emphasised information, or stress other information 
which is currently presented. 

Punishment is usually less effective than reward, 
because although it defines the action to be avoided, 
it does not pinpoint the desired course of action, 
as does reward. Its effects are usually therefore to 
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increase the variability of behaviour, and they do not 
necessarily point it in the desired direction. 

Such findings point to many applications in industry. 
They are important, for example, in the design 
of incentive schemes of payment. All too often such 
schemes are altogether too complicated and so re- 
latively unintelligible to the worker, and the rewards 
too long delayed on the conduct which has earned 
them. The essential association between a given 
action and its reward cannot therefore be readily 
made. A similar reduction of effectiveness with time 
also obtains with punishment, of course, which is 
most effective if made immediately after the un- 
desired conduct. An exponential relationship is found 
between punishment and time, as between time and 
reward. 

It is not suggested, of course, that a pay clerk 
should station himself at each worker’s elbow. But 
is seems very likely that far better use could be 
made of symbols which could serve as token rewards, 
and many schemes could probably be made more 
direct, meaningful and immediate in their effects. 

Such proposals have however caused the liveliest 
alarm in some firms, mainly because it is supposed 
that the unions would object to impartial enquiries on 
the effects of payment or information. It is 
doubted whether such an attitude is necessarily 
characteristic of trade unionism as such. One large 
American union has written for the reports and asked 
for an elaboration of the ideas. It would be disturb- 
ing to believe that British unions are less progressive, 
and less aware of the need for co-operation in these 
vital fields. 

It cannot be emphasised sufficiently that skill de- 
pends entirely on information and that the future 
will demand the highest skill in management labour 
relations. In the present state of affairs, the required 
facts can only come from investigation by independ- 
ent and impartial institutions with a main interest 
in fact finding, rather than grinding the various 
political or economic axes. The required facts ex- 
tend over many different channels of communication 
which are clearly inadequate at the present time for 
the conduct of modern industry. It seems vital that 
they should be obtained, and carefully studied by both 
sides of industry with the long-term implications in 
mind, before we embark too lightly on much further 
jostling at the trough. 


IV. The future of human engineering 


The skills of the future will be determined in part 
by developments in human engineering. There are 
still many obstacles, already discussed, but there is 
no real doubt that the findings will play an increasing 
part, and conceivably in the very near future. 

The work in presenting information and of arrang- 
ing optimal methods of control and display to link 
man and his machines or work space will undoubtedly 
continue. But the problems of the transfer of skill 
are probably of far greater immediate importance, in 
view of the need to re-employ an ageing population 
and the redeployment of workers as automation 
develops. 
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The immediate problems of training or re-training 
fall under three main headings. The first is the 
simplest, because a great deal is already known about 
it and the methods are direct. The problem is to de- 
sign machines so that the habitual skills of everyday 
life show the highest possible transfer to their use. 
This will by itself reduce learning time, increase the 
number of people who can learn, and reduce the 
risk of accidents when the operators are under stress. 
A simple example is that the frequent use of domestic 
taps develops the expectation that anti-clockwise 
motion will increase water flow, and conversely. But 
many steam valves and other devices use exactly the 
opposite convention. ‘This convention certainly in- 
creases learning times, but there is no known evidence 
concerning the effects on accidents in these particular 
cases. 

There is such evidence, however, with more com- 
plex examples. Control levers of the joystick type 
are often used to control machines which move in 
two dimensions. Two different conventions are pos- 
sible to relate (a) the direction of joystick movement 
to (b) the resulting movement of the machine. The 
machine may move in the same direction as hand 
movement, and this convention makes full use of 
the habitual skills of moving an object with the hand, 
pointing at a moving object, writing, and other 
everyday skills. But this convention is not favoured 
by many engineers. They argue that a joystick is 
usually a lever pivoted in the middle and, considered 
in this way, it is natural to point the far end of the 
lever in the direction in which the machine should 
travel. This then entails the opposite convention, 
that machine movement is the reverse of hand move- 
ment. This argument has now raged for many years 
and is entirely analogous to the controversy about 
the horse’s teeth, since it is so much easier to find 
out than to argue. It therefore seemed useful to set 
up experiments to decide the matter, and these were 
carried out about 10 years ago. The clearcut answer 
was that the convention which may seem natural to 
engineers who understand a machine’s construction 
is highly unnatural to the average operator who lacks 
this background. His learning time is greatly increased 
and he may well make mistakes under stress, if a 
given direction of limb movement leads to opposite 
motion of the machine. This inefficient and unnatural 
relationship is still widely produced, however, and 
used in various public services who have certainly 
received the reports. Apparently, the learning aspect 
still seems unimportant to many engineers. But in 
personal experience, there have been serious and 
tragic consequences when men have been transferred 
at short notice between machines which use different 
conventions. Machines with different and opposed 
relationships of this kind are widely found in close 
proximity, and this is far more dangerous than 
standardising either. 


The classical example is perhaps a mechanised 
trolley used for coal transport underground. The 
machine cannot be turned around underground in 
the confined space, so the simplest system is to 
provide seats facing opposite ways and pivot the 
steering wheel, so that it can be _ positioned 
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appropriately for either direction of travel when the 
driver changes seats. But the result is that the 
directional conventions used in steering are directly 
opposed on the journey to, as compared with from, 
the pit head and, moreover, the positions of the brake 
and accelerator pedals relative to the driver’s feet are 
completely reversed. Such arrangements are, without 
doubt, as criminal as designing a car without brakes, 
and apart from considerations of slightly reduced 
costs have nothing to commend them. 

A second problem in the transfer of skill arises in 
the use of synthetic training devices, which are widely 
used in the armed services. A particular use is for 
the preliminary training of aircraft pilots, but they 
are in very general use whenever initial practice on 
the real machine is precluded because of time, cost 
or risk. They are also used to teach emergency and 
similar procedures for which the real machine is 
unsuitable, or to give the occasional practice which is 
needed to retain high skill in some activities. 

Devices of this kind could undoubtedly be used 
far more widely and effectively in industry and other 
spheres. The current and barbarous practice of 
allowing car drivers to learn from scratch on con- 
gested and dangerous roads is one case from many. 

It would be a real social service, and probably a 
lucrative one, to find how much initial skill could be 
gained from preliminary practice on a_ synthetic 
trainer in the quiet and safety of a room. Again, 
crane-driving and other potentially dangerous skills 
might well be taught initially on such synthetic 
trainers. 

There are formidable problems, however, in deter- 
mining precisely what the operator is learning, his 
critical difficulties, and how best to simulate them 
with maximum economy. Current technique in 
designing such trainers is to make them as nearly like 
the real machine as possible. This can be a most 
wasteful procedure with expensive machines, and for 
a number of abstruse psychological reasons (which 
need not detain us), it is not necessarily the best 





method for obtaining high positive transfer. <A 
number of comparative studies have been made. 
Cases have been found where very expensive 
simulators with high “ face-validity ’ were, in fact, 
far less effective than much cheaper devices which 
concentrated exclusively on the critical point of 
difficulty. This occurred despite a complete lack of 
resemblance to the real machine. 

The point was well brought out in recent studies of 
training aids for a machine which has rapidly-acting 
acceleration controls. Preliminary and_ frequent 
refresher training was required, and the real machine 
was too difficult, dangerous and expensive to allow 
direct practice. But the requirements were satis- 
factorily met by training the operator in balancing 
a steel ball in the middle of a plate. 

Synthetic trainers are the same in principle as the 
predesign simulators already discussed. The problem 
is to present critical control difficulties as economically 
as possible. The latter’s functions are different, 
however, since their main purpose is to try out pro- 
jected engineering solutions and to optimise system 
parameters before a prototype machine is actually 
made. They are particularly valuable when new 
control problems are likely to arise, for example in 
designing new high speed aircraft. The alternative 
procedure is to design the machine in the light of 
previous experience, which may be a dubious guide, 
when unknown man/machine factors are involved. 
This procedure ends in inviting an intrepid test pilot 
to find out whether a human being can actually 
control the machine. The answer that he cannot may 
lead to considerable wastage in finance and in far 
more valuable lives. 

It would be idle to pretend that ready-made 
solutions are available for such problems at the 
present time. But the future will demand that they 
be found from much closer collaboration of physical 
and biological scientists, than is the present case. Such 
problems clearly merit research and support on a 
national basis. 








* THE COST OF AUTOMATION ” — concluded from 


will tend to become more and more the things that 
ought to be done. 

Managements are having to look closely at their 
procedures, designs, etc., and are realising, often with 
some shamefacedness, that a good deal of their time, 
effort and expense is being squandered on the 
unnecessary. More than one management has con- 
fessed that this was so, and that changes of routine 
should have been made long since, quite apart from 
the question of automation. 

It is reasonably certain that there will be better 
planning, better programming, better scheduling and 
better information. The old days of reliance on per- 
sonalities, intuition, crystal gazing, etc., have all but 
disappeared. ‘There is no doubt that intuition and 
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experience still count for a great deal, but in the 
higher policy making rather than on the factory 
floor. On the factory floor, once policy plans have 
been made, the operating plans, are and must be to- 
day, the result of careful methodical study. 

This Paper has attempted to suggest some of the 
problems which will affect the cost accountant, with- 
out attempting to produce precise solutions, most 
of which would inevitably at present be guesses. It 
is hoped that it will stimulate some discussion. 

Perhaps a suitable end is another quotation from 
Paul Einzig who says: “ Woe to him that is left 
behind in the automation race. He will suffer all the 
disadvantages of progress without enjoying its 
advantages,” 
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THE ANALYSIS OF INDUSTRIAL BEHAVIOUR 


by Professor R. W. REVANS, Ph.D.. B.Sc. 


Professor Revans, who holds the degrees 


Prior to his present appointment as Head of the Department of Industrial 
Administration of the University of Manchester, Professor Revans was Deputy 
Chief Education Officer, Essex County Council ; Director of Education with 
the National Coal Board ; and Research Consultant with the National Coal 
Board, directing research into the management of collieries. 


He is a member of the Institution of Mining Engineers, and is the author 
of a number of publications on physics and astronomy. 


i? problems of British industry today lie largely 
in what seem, at first sight, to be two distinct 
fields. The first is the field of work organisation, 
concerned essentially with relations between processes, 
that is with questions of decision-sequences, produc- 
tion planning and control, method study and so 
forth. The second is the field of industrial morale, 
concerned essentially with relations between persons; 
in this field are to be found our ideas on strikes, 
go-slows, absenteeism, accidents, labour wastage, 
demarcation problems and other suggestions of 
pathological behaviour. The magnitude of the 
greatest technical tasks that British industry has 
ahead of it still falls short of what will be involved in 
solving these social problems ; for many years we 
shall be fully engaged merely in finding out some- 
thing of their fundamental causes. It is, moreover, 
ironical that not a little of the trouble that arises in 
both of these two fields springs from work situations 
where technology is most advanced, and where the 
research of the scientist finds its most fruitful applica- 
tions. It is not always the technically backward 
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industry, like coal mining or building, which 
monopolises the scene. One can find disputes leading 
to a great loss of wealth and of human dignity in 
industries like motor manufacturing and electrical 
construction, in which science and technology have 
reached very high levels indeed. 

It is frequently said that the precarious position of 
the human race at the present moment has been 
brought about by the rapid advance of technology in 
a society that has not yet learned to understand itself; 
science, we are told, has outstripped the humanities, 
and ordinary men do not understand the proper 
social use of the tools and weapons that science has 
placed in their hands. There is some truth in these 
statements, although it is hardly necessary that we 
should have to accept this truth as permanent and 
inevitable. On the contrary, we might be more 
objective in our study of the behaviour of people both 
at work and in their leisure, and we might find out 
things about this behaviour, or about their responses 
to particular forms of treatment, including manage- 
ment, which would encourage us to develop organised 























researches, much as the ‘early work of men like 
Faraday has led to the foundation of schools of 
research in physics and engineering. 


A complex subject 


Those who say that the superb achievements ot 
physics were inevitable because physics is essentially 
a simple subject, whereas the behaviour of men in 
industry is immensely complicated, are no doubt 
saying something which also is partly true. The 
behaviour of men in industry zs immensely compli- 
cated. But this is all the more reason for it to be 
studied objectively ; it is quite irrational to suggest 
that because something is difficult and complicated, 
it should be left to guesswork, while something that 
is relatively simple and straightforward should be 
made the subject of precise and accurate measure- 
ment. 

Our first major field of industrial difficulty, that is, 
the field of industrial operations and tactics, is 
beginning to attract a number of eminent mathe- 
maticians ; some of you may say they are too 
eminent and they talk jargon which ordinary men 
cannot understand. The digital computer, with its 
binary arithmetic, its sets of differential equations, 
its matrix algebra and so-forth, seems no doubt very 
formidable. The analysts whose stock-in-trade is 
linear programming, the theory of queues, Monte 
Carlo methods and so forth all seem as remote as they 
claim to be ingenious. The operational research 
worker trying to import ideas of measure and 
probability into questions of organisation is, for the 
moment, using terms that the man in the factory busy 
with getting things done finds a little puzzling and 
even a little spurious. But this is merely because 
these new studies of organisation, of risk, of bottle- 
necks, of optimum routes and so forth are still a bit 
novel. But this is merely the marriage of long- 
established mathematical techniques to industrial 
processes, and if the country will set out to get more 
scientists into industry, it must expect these scientists 
to bring novel methods of mathematics and statistics 
into industry as part of their baggage. 

The operational research worker must, of course, 
he well mannered and must learn to talk about his 
techniques in language which industry can under- 
stand, so that eventually managers at all levels will 
come to think about their operational problems with 
the same facility for measurement and order as 
at present they bring to the consideration of their 
technical problems. For we shall never get very far 
with automation, particularly in the field of automatic 
assembly, unless we give a great deal more attention 
to the rhythm and regularity of work flow than we 
commonly do at the moment ; and we must accept 
the fact that now the scientist has insinuated himself 
into the field of industrial organisation, it will be the 
duty of the industrial manager to meet the scientist 
on his own ground. 

In what I have called the second field of difficulty, 
however, the scientists have not yet got their foot 
in the door. This vast field of industrial relations 
is still by and large unstudied, at least by objective 





methods. Of the forces that determine whether 
particular groups of men will collaborate with one 
another and their managers in particular situations 
we still know very little. Somebody once said, “ The 
striker is unhonoured, unloved, and unsung ; above 
all, he is unstudied.” These are sentiments that should 
awaken a response in all of us here, and we must not 
derive false comfort from the pronouncements of 
Courts of Enquiry. These are purely legalistic 
exercises ; they may very exactly determine that 
So-and-so broke such and such a rule when he said 
this or that to such and such another person ; they 
may provide an unanswerable analysis of why the 
blame in such and such a case should be distributed 
partly to such and such a shop steward or such and 
such a labour officer. But, since they do not get to the 
underlying causes of why so-and-so did what he did, 
they may even make the second situation worse than 
the first; for they may give the impression that 
they now know something about the causes of disputes 
or of industrial unrest which they did not know 
before. 

In my view, many of these purely legal enquiries 
are misconceived ; if they do not deflect attention 
from where it is needed, they may merely smother 
one form of ignorance with another. Our essential 
business is not to find out whether some agreement 
has been violated and, if so, who violated it and 
what ought to be done to punish him ; we need to 
determine whether we cannot establish working con- 
ditions in which such agreements are not necessary. 
or, if they are inevitable, whether we can get on 
without forever being in danger of tripping up over 
them. 


Where to begin ? 


It is difficult to know where to begin in this kind 
of study. We have not yet got the basic concepts 
clearly enough in our own minds. What we need 
are a few ideas as simple as, say, those which Faraday 
brought to his early studies of electro-magnetic 
induction ; this made possible the rational study of 
electricity and has ensured the growth of electro- 
technology. In the same way, Chadwick’s discovery 
of the neutron has made possible the development of 
nuclear energy. Both of these discoveries, although 
essentially simple, have led to new ways of thinking 
about the nature of the physical world. 

The study of industrial behaviour is still awaiting 
its Faraday or its Chadwick. You may say that this 
is vastly over-simplifying the problem, because 
Chadwick was dealing with a single entity and 
Faraday with only two or three simple concepts, 
whereas in industrial behaviour one must take into 
account scores of independent factors. But this, in 
itself, should not prevent the discovery of a simple, 
hitherto unknown, law. It was almost 100 years ago 
that Darwin wrote “The Origin of Species” and 
although this is a long and patiently collected work, 
the principle which it declares, that is, evolution by 
natural selection, is essentially a simple one. This 
principle, which eventually led into his work upon 
the origin of the human race, deals with just as many 
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factors as the most tangled industrial situation in the 
biggest motor works or the most discontented coal 
mine, and it has probably had an effect upon man- 
kind at least as great as the discoveries of Faraday 
and Chadwick. All I am trying to say is that the 
most tangled field can nevertheless be brilliantly 
illuminated by one new idea. We should not be put 
off from trying to find simple clues in industrial 
situations simply because a lot of clever people tell 
us that these situations are complicated. 

If, therefore, the study of human relations in in- 
dustry is still awaiting its Darwin, we might spend 
a few minutes asking ourselves what it was that 
Darwin did. If you remember, he made a voyage of 
scientific discovery in a boat called H.M.S. Beagle. 
He did this while he was still a young man and he 
spent the rest of his life in this country sustained by 
this tremendous experience. The important thing 
is that while he was in the Beagle he collected an 
immense amount of evidence about how various 
organisms live, and how they are adjusted to the 
environment that nourishes them. It was the discip- 
line of these observations and of their classification 
afterwards which led him to detect what he thought 
to be the same idea running through the whole of the 
natural order. Whether he was looking at marine 
plants, butterflies, lizards, mosses or song birds, he 
tried to fit them all into simple logical patterns and 
to detect what these patterns had in common. His 
success was due to the courageous sweep of his 
imagination and to his belief in the essential unity 
of the natural order. I believe that we today have 
to be just as bold in our study of the behaviour of 
the human insect in industry; we must look at the 


picture on a vast scale and draw very simple con- 
clusions. I now want to suggest some of the things 
we might look at. 


My first illustrations are drawn from the coal 
industry. In Tables I and II are set out some of 
the facts about industrial disputes in Yorkshire and 
South Wales. The criterion of classification is the 
size of the mine by the number of men employed 
and the variate we are measuring is the tonnage lost 
per man in disputes; these disputes include both 
strikes and go-slows. They exclude, however, coal 
field strikes and are hence a measure of the extent 
to which the men in the individual mines will with- 
draw from their work over some disputed issue arising 
in their own mines. The figures confirm a general 
impression, namely, that strikes are diseases of big 
organisations. We often suspect that the big liners, 
the big motor car factories, and the big steel works 
are more prone to disputes than the small; these 
statistics for the coal industry suggest that this thesis 
is probably true. 


It is interesting to test the common explanation of 
this size effect, namely, that the agitator who wants 
to stir up trouble or to exploit grievances of other men 
finds it easier to do so in the big pit. It is said that 
here he can work under cover and the management 
find it difficult to identify him or to counteract the 
rumours that he starts. Some light is thrown upon 
this suggestion by an analysis of the disputes accord- 
ing to their ostensible cause; if agitation about men’s 
grievances were in fact the explanation of this size 
effect, one would assume that with increasing size of 
pit, the proportion of disputes over wages to other 


STRIKES AMONG COALMINERS 


TONNAGE LOST BY DISPUTES, 1949-53, BY SIZE OF COALMINE 


Table I — Yorkshire. 

















Manpower No. of No. of Tonnage No. of Disputes Tonnage Lost 
Group Pits Disputes Lost per 1,000 Men per Man 

Below 500 28 79 42,100 1 5.94 

501 - 1,000 25 275 168,953 14.6 8.97 
1,001 - 1,500 20 386 399,240 15.8 16.39 
1,501 - 2,000 21 482 454,285 13.6 12.82 
2,001 - 2,500 8 256 282,282 14.4 15.98 
Above 2,500 12 824 763,963 24.5 22.70 

















Table II — South Wales Bituminous Coalfield 

















Manpower No. of No. of Tonnage No. of Disputes Tonnage Lost 
Group Pits Disputes Lost per 1,000 Men per Man 
Below 500 35 204 123,229 16.0 9.69 
501 - 1,000 40 575 437,997 15.9 12.14 
1,001 - 1,500 23 329 389,833 20.2 15.01 
1,501 - 2,000 6 172 244,321 16.4 23.39 




















Source: 


National Coal Board. 
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Table Ill 


DISTRIBUTION OF 1,726 DISPUTES IN YORKSHIRE, 1949-52, ACCORDING TO 
SIZE GROUP OF MINE AND REPORTED CAUSE 














Size Group No. of Total No. of Reported Causes 
by No. on Books Mines Men on Books Monetary Non-Monetary 
Below 1,250 67 42,600 248 162 
1,251 - 2,000 30 47,500 262 280 
Above 2,000 18 45,500 320 454 








disputes would also increase. For it would be ex- 
pected that the exploiting agitator would tend to 
choose wages issues as the fuel for his fires; in the 
large pit, too, there would also be a wider range 
of wage-differentials, since there are more types of 
men employed, more variations between one side of 
the pit and the other, and hence more room for com- 
parisons between rewards for superficially equivalent 
tasks. This, you might say, explains the size effect 
in disputes. The figures, however, show the very 
opposite effect. In ‘Table III is set out an analysis 
by wage and non-wage issues of the 1,726 disputes 
which occurred in the Yorkshire coalfield in the four 
years 1949-52. 

This has been classified in a slightly different way 
from the data of Tables I and II; the coalfield has 
been divided into three roughly equal classes of 
men: that third working in the 67 smallest pits, 
that third working in fhe 30 medium pits, and that 
third working in the 18 largest pits. It will be seen 
that although there is the largest number of disputes 
over wages in the class of largest mines, the size 
effect for the non-wage issues is far more strongly 
marked. In other words, the Yorkshire coal miner 
in the largest mine of all is but slightly more inclined 
than his brother in the small mine to enter into a 
dispute over his wages, whereas his inclination to 


argue about issues other than wages is about three 
times as great. We may conclude from this ex- 
tremely cursory examination of the facts that the size 
effect is very far from being a wages effect; this 
suggests that it cannot be imputed to agitators. 


Accidents among coalminers, quarrymen and 
nurses 

The second set of illustrations is about the size 
effect on industrial accidents. Sigmund Freud sug- 
gested that people have accidents only when they 
want to have them, that is, when they find themselves 
in situations that they want to get out of. Again, 
I illustrate this thesis with figures drawn from the 
coal industry and in Table IV are set out some 
accident statistics for all the coalmines in South 
Wales during the year 1950. They show that the 
risk of having an accident if one is a miner in a large 
mine is about eight times as great as the risk of having 
one in the same period of time if one works in a very 
small mine. 

It might be argued that the accident risk in the 
mines employing many men is high because these 
big mines are deep and highly mechanised; it is 
argued that machinery adds to the risk of injury. 
But this is not so. If one compares in any given year 
the accident rates in mechanised and non-mechanised 


Table IV 
DISTRIBUTION OF ALL ACCIDENTS DISABLING FOR MORE THAN THREE DAYS 


AT ALL COALMINES IN SOUTH WALES, 


1950, BY SIZE OF MINE 


























Size of Mine by No. of No. Total No. of Accident Rate 
No. of Men on Mines in of Manshifts per (000’s) 
Books Sample Accidents (000’s) Manshifts 
Less than 4 41 a 21.66 23:1 
5-8 20 11 29.18 S07 
9-16 22 33 63.25 52.2 
17 - 32 20 86 110.7 Chad 
33 - 128 10 242 206.3 117.3 
129 - 256 25 2,005 1,348 148.7 
257 - 512 42 6,336 3,844 164.8 
513 - 1,024 68 21,664 12,865 168.4 
1,025 and over 23 15,267 7,631 200.1 











(The expected size groups 33 -64 and 65-128 have been amalgamated since there are only 





10 mines altogether in the two groups.) 














Table V 
DISTRIBUTION OF ACCIDENT RATES BY SIZE OF QUARRY 
ALL BRITISH QUARRIES, 1950 














Size by No. of Total No. of Rate per 100,000 

No. on Books Quarries Accidents Manshifts Worked 
Less than 8 2,037 224 12.6 
8-12 417 204 18.6 
13 - 16 309 240 22.4 
17 - 24 342 367 22.0 
25 - 32 187 380 29.5 
33 - 48 156 430 28.9 
49 - 64 91 383 30.8 
65 - 96 53 329 32.2 
97 - 128 30 264 35.3 
129 - 256 31 436 35.2 
Above 256 5 433 48.1 














mines working the same seams, one finds that the 
non-mechanised mines have the higher accident rates. 
One cannot, of course, have an accident with a coal 
cutter in a non-mechanised mine which has no coal 
cutters in it; nevertheless, the overall accident risk 
remains higher in the non-mechanised pit. But it is 
quite simple to show that the size effect is not due 
to geological conditions on the hypothesis that the 
big mine has a higher accident risk because it is 
deeper, and with thicker seams or more difficult work- 
ing conditions. This can be shown by methods of 
partial correlation, although we need not pause to 
study such sophisticated arguments. In Table V are 
set out some accident statistics for all British quarries 
in the year 1950. This shows that the risk of injury 
depends strongly upon the size of the quarry and in 
these, whatever their size, all men work in the open 


air. Only a very few accidents occur on the working 
face, so that one cannot attribute the high accident 
rate in the big quarries to men falling on precipitous 
crags. It is something about working in the large 
community that must account for the liability. 
These arguments may still not convince those who 
believe that accidents are purely environmental events 
precipitated either by the danger of the work or by 
neglect of technical precautions called for in that 
environment. On this account, I have set out in 
Table VI the accident rate in nearly 5,000 American 
hospitals for the year 1953. Hospitals are even 
more different from coalmines than are quarries, but 
Table VI shows that there is a very strong size effect. 
The nurse, laundry worker, ward orderly and other 
hospital employee is six times as liable to have an 
accident in a big hospital as in a small. Hence, the 


Table VI 
WORK-INJURY FREQUENCY RATES IN AMERICAN HOSPITALS, 1953, 
BY TYPE AND SIZE OF HOSPITAL. 
































Size of Hospital Accident Rate and Size of Hospital 
by No. of General Mental Tuberculosis Special All 
Employees Hospitals Hospitals Hospitals Hospitals Hospitals 
Less than 10 2.5 | : 9s | 2.9 2.6 
10 - 19 2.5 6.3 | { 3.2 
20 - 49 4.1 | 9.1 9.3 5.0 
40 - 99 4.5 8.1 7.4 6.7 5:1 
100 - 249 ~- 5.3 7.6 8.0 8.6 6.0 
250 - 499 6.2 8.7 12.6 9.5 7.3 
500 - 999 7.4 15.4 16.4 13.4 10.0 
1,000 - 2,499 8.4 | 21.0 13.8 29:5 13.5 
2,500 and over 10.3 | . = am 12.4 
NOTES 


(a) The failure of the entries in the final column to rise steadily throughout is manifestly due to 
the fact that the largest size class contains no tuberculosis nor special hospitals, and 
probably only a few mental hospitals, since for these the two final cells are bracketed. 

(b) Accident rates are in disabling accidents per million employee hours worked, 
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size effect turns up not only in places acknowledged 
by everybody to be dangerous, like the coalmines of 
South Wales, but in institutions devoted to the cause 
of human health and security. 

It is interesting to put the results of Tables IV, V 
and VI upon one diagram and this I have done in 
Fig. I. This suggests that apart from what might be 
called a coefficient of scale determined by the tech- 
nical task being done, the functional relation between 
size of the institution and the accident risk to the 
individual is precisely the same. There is, in simple 
language, the same relative trend for Welsh coal- 
miners and the employees of American hospitals to get 
hurt more in the bigger places of work. Perhaps the 
inost interesting conclusion of all is got by producing 
the lines of Fig. I backwards to cut the size axis, that 
is, to determine the size of unit at which the accident 
vanishes. In all cases it is the unit employing one 
person. Does this suggest (since such units do not 
exist) that accidents are almost wholly social events, 
caused by trying to get people to work together? 


Absence from work among coalminers and 
telephonists 

My third set of illustrations of the size effect on 
industrial behaviour is drawn from the statistics of 
absenteeism. As is well-known, these statistics are 
frequently most unreliable and those of absenteeism 
among coalminers are probably most unreliable of all. 
Certainly any distinction between voluntary 


absenteeism (the deliberate absenting himself from 
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SIZE BY AVERAGE NUMBER OF PERSONS EMPLOYED 


work ot a healthy miner) and involuntary absenteeism 
(the absence of the miner on the sick or injured list) 
is not a distinction on which any prudent man would 
attempt to base conclusions about patterns of attend- 
ance. But the figures of total absenteeism, that is, the 
relation of all shifts lost to all shifts that could have 
been worked, whether by men at the coal face, else- 
where underground or on the surface, all expressed 
as a percentage, enable us to see whether the size 
effect is significant in determining how far men are 
willing to turn up to work. ‘Table VII gives some 
figures which show that the size effect is extremely 
powerful. They express the average percentage 
absence in all small mines, that is, mines employing 
between 10 and 100 men, on the one hand, and all 
large mines, that is, mines employing over 1,000 men, 
on the other. The Table gives the results for the year 
1942 by the seven major coalfields; this was the last 
year before the industry was taken under Government 
control during the War. It will be seen that in all 
cases the percentage of absenteeism in the large mines 
is much worse than that in the small; the difference 
is highly significant and accounts for about four 
percentage points of the national average. 

Some interesting supporting evidence for this effect 
which, although not drawn from the same volume of 
employees, is nevertheless more reliable, has very 
kindly been given to me by Mr. S. Wood, Chief 
Statistician to the General Post Office. He has 
studied the attendance of a sample of girls in large 
and small telephone exchanges about the country 
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Table VII 
PERCENTAGE ABSENTEEISM IN LARGE AND SMALL MINES, 1942 




















No. of Mines Average Absenteeism % 
Coalfield Smaller Larger Smaller Larger 
Scotland 108 12 5.65 7.50 
Northern 92 45 6.72 8.41 
Yorkshire 42 56 10.02 13.73 
North Midland 27 35 9.05 14.19 
Midland 61 20 794 13.45 
Lancs. and 
North Wales 41 21 7.43 13.12 
South Wales 79 29 751 10.98 
Great Britain 450 218 7A5 11.66 














and shows that whether the girls are married or 
single, established or unestablished, their attendance, 
class by class, is better in the small exchanges. But 
he has also done something more valuable than this. 
It might be said that the size effect inheres not in the 
exchange, that is, not in the working community of 
girls, but in the social conditions of the areas in which 
the telephone exchanges are located. In country 
areas, where life is comparatively leisurely (and tele- 
phone exchanges are small) it might be argued that 
the girls are not subject to so much stress as those 
who work in the big exchanges in the big towns and 
that, hence, one would naturally expect the girl in 
the small exchange to attend better. Mr. Wood. 
however, has pointed out that there are small ex- 
changes in London and his analysis shows that the 
effect persists. The girls in the small London ex- 
changes turn up to work much better than the girls 
at the big London exchanges. His results are shown in 
Table VIII and IX. It must, however, also be men- 
tioned that further work has shown that the size- 
effect does not apply to the absence of postmen; this 
seems to be independent of the size of the office to 
which they are attached. Since their social contacts 
are not, at work, with each other this result might 
be expected. 


Need for evidence 

All of this evidence -——on strikes, accidents and 
absenteeism — is highly significant ; the results are 
shown for large numbers of workers and large num- 
bers of institutions. Moreover, the results are not 
selected from among a compilation of other results 
which happen not to show the size effect. They are, 
in fact, the only results which have so far become 
available to me, because, in general, statistics of this 
kind are not collected, nor are they analysed and 
published. The possibility, of course, of theorising 
about the nature of industrial behaviour depends 
upon the extent to which such statistical and other 
evidence can be given to those who are interested in 
drawing conclusions from it. For this purpose every 
scrap of evidence is worth having. When, for ex- 
ainple, I was asked for my views upon the wastage of 
hospital nurses I found it extremely difficut to know 
where to begin, because of the almost complete 
absence of statistics comparing one hospital with 
another. But there is a little survey available, made 
by the Oxford Regional Hospital Board, in which 
the wastage of both student nurses and of experienced 
nurses joining the hospital after having qualified 
elsewhere, has been studied in detail; this shows that 
hospitals with high wastage of student nurses also 


Table VIII 
AVERAGE DAYS PER YEAR ABSENT SICK AMONG TELEPHONISTS BY 
SIZE OF EXCHANGE 





























Size of CLASS OF STAFF 
Exchange Married Married Single Single 
by No. Employed Established Non-Established Established Non-Established 
Less than 30 18.7 21.7 10.7 17.8 
31 - 100 21.4 24.2 13.7 20.1 
Above 100 21.5 29.2 14.3 25,5 











(This table omits girls with more than 90 days absence per year. 
for about 3,000 girls out of the 35,000 employed in 1952.) 


It is prepared from figures 
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Table IX 


AVERAGE DAYS PER YEAR ABSENT SICK AMONG TELEPHONISTS BY 
SIZE AND LOCATION OF EXCHANGE 





Size and Location 
of Exchange 


Married 





Small rural 
Small London 
Large urban 





CLASS OF STAFF 
| Single 

17.8 

16.2 

25.9 








have high wastage of experienced nurses and vice 
versa. Moreover, both of these types of wastage are 
significantly correlated with the number of persons 
employed at the hospital. This is further evidence 
that there is something about big hospitals to which 
nurses find it difficult to adjust themselves. 


Effect of size of working group 


One cannot get out of statistics any more than one 
puts in at the beginning. But the fact that there is 
something about big institutions that people do not 
like demands an explanation. If one starts again to 
compare like with like, that is, big coalmines with 
big coalmines, one finds that those big coalmines 
employing big working groups of men are significantly 
worse in their responses than big coalmines employ- 
ing small groups of men. Likewise, if one compares 
medium sized coalmines made up of large groups of 
men with medium sized ones made up of small 
groups of men, one finds that strikes, absenteeism 
and accidents are significantly worse in the medium 
pits with the large working groups. To cut a long 
story short, the size of the working group as well as 
the overall size of the coalmine is a factor in deter- 
mining the way the men behave. 


Management and behaviour of men 


One can pursue this argument and show the most 
important factors in determining the behaviour of 
coalminers are these factors of organisation; in my 
view, both the total size of the coalmine and the size 
of the working group are measures of the extent to 
which the management can know what is going on 
and can do something to control it. Where the com- 
mands of the managers and foremen are sufficiently 
compact or sufficiently well set out to enable them to 
do their proper job of providing the men with what 
they need to do their tasks, the men will respond by 
arguing less about the terms of their work, by turn- 
ing up more regularly to perform it, and by with- 
drawing less frequently through suffering accidents. 
It can be shown by rather sophisticated arguments 
that these factors of management control are more 
important than what might be called environmental 
factors, such as the thickness of the coal seam or the 
depth of the mine. The statistics cannot, of course, 
say what it is that the management in the smaller or 
more closely organised mines can do which their 
colleagues in the larger or more loosely organised 


cannot do, but field studies of what actually goes on 
in the large pits suggest that the source of trouble is 
failure of communications. This is a simple concept : 
a manager distributes his authority around the coal- 
mine, telling such and such persons that they may 
settle such and such matters. It is then the business 
of the organisation to see that information about 
these matters gets to the people who are empowered 
to deal with them. In a large and loosely knit 
organisation this communication becomes difficult. 
In consequence, the management is aware that 
operational problems exist without knowing precisely 
what they are, while the miners may get the impres- 
sion that the organisation is haphazard or even slip- 
shod. When this occurs the men are kept waiting 
from time to time either for supplies of materials, 
for repairs to broken machinery or for a conveyor 
belt to be restarted and take away the coal which 
they are filling. In the worst cases, inadequate super- 
vision at the heart of things, such as at the telephone 
exchange or in the manager’s office, will keep the 
whole pit in suppressed exasperation. Men feel it to 
be an insult to their self-respect to work in an 
organisation where nobody seems to understand what 
is going wrong; the large unit is most susceptible to 
these failures of communication and it is there that 
the failure of morale is most likely to occur. 
Industries other than coal cannot derive consola- 
tion from the fact that they are normally better 
supervised than the pits. The average density of 
persons concerned with collecting, classifying and 
transmitting information in the engineering industry 
is, for example, about five times what it is in coal. 
The problem of getting the right information to the 
decision point when it is needed still, however, re- 
mains. Moreover, the danger is not infrequently the 
opposite one, namely, that there are too many people 
handling different facts about the same working 
situation; the result is disorganisation in a different 
form. In the coalmine the trouble is that the officials 
in the line of authority are grossly overworked and 
have not the time to pass information upwards to 
those empowered to act upon it. We might call this 
a tendency to vertical disruption. In the engineering 
shops, however, although the foreman may still have 
plenty to do, he usually finds the factory equipped 
with a number of staff systems, all of which collect 
and process information about his work. There is, 
firstly, the production control system, with its close 
ally the progress system; there may be a work study 
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department, a standard cost office, a personnel depart- 
ment, a labour cost control system, an inspection 
department, and even one or two more self-contained 
developments of what we are mistakenly pleased to 
call “ scientific management’. Most of these, where 
they exist, have appeared in the last seven or eight 
years; all of them to some extent work within the 
same sphere of authority as the foreman. But in 
practice their responsibility is not to the foreman. but 
to the head of the particular staff system; he, in turn, 
is normally responsible to the works manager. Each 
one of these staff officers may depend upon other 
important contacts which do not directly affect the 
foreman; the drawing office, the estimating depart- 
ment, the buying department and so forth pull a 
tangle of wirés somewhere behind the lot of them. 
The co-ordination of this system of systems is some- 
times good, sometimes mediocre and sometimes bad. 
There is then a tendency to what might be called 
horizontal disruption, and in big organisations we 
may find this imposed upon the vertical disruption 
that is a common feature of large organisations with 
large working groups. 

But all this is speculation. One cannot enter into 
the consciousness of a workman; it is hard to explain 
why in some conditions he will work hard and con- 
tinuously, while in others he will follow his mates 
into a strike that seems ill-timed, misconceived and 
offers profit to nobody. It is easier to attribute all 
industrial unrest to its ostensible cause, namely, dis- 
satisfaction about wages. The analysis of this Paper 
shows. however, that size, which is explained here 
as the degree of dilution of the manager’s ability to 
take the appropriate operational decision. is more 
important than wages in determining what shall be 
the temper of the men. Indeed, a study made of the 
average wages per shift paid during 1953 to the 
miners showed that there is no significant difference 
between the average of those in the pits that go on 
strike and the average of those in the pits which do 
not go on strike. The actual difference of about | /- 
per shift in favour of the non-striking pits can readily 
be explained by the loss in bonus payments to those 
men in the pits that are the seat of trouble. Where 
men lack confidence in the ability of their manage- 
ments to manage, they will express this lack in the 
only way open to them, namely, in an application 
for higher wages. Where there is only one battle field 
one must expect all battles, whatever their cause, to 
be fought upon it. 


The place of joint consultation 

We have heard much since the War of the import- 
ance of joint consultation as a means of bringing the 
men into the processes of management. Theories of 
joint consultation assume, however, that men wrsh to 
be consulted upon these affairs. It may very well 


be that a handful of them do, but for every dozen 
men in a coalmine who are interested in helping the 
manager to decide how to run it, there are probably 
a thousand who are more concerned to feel that 
their particular section of it is properly organised so 
that they do not have to waste their time or do un- 
necessary tasks. Hence, joint consultation concerned 
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with overall administrative issues is not likely to 
appeal to more than a few ; the majority want to 
know why it is that a particular instruction or a 
particular set of spares or a particular load of timber 
was misdirected at some time on a particular shift, 
because it was this specific failure which caused them 
embarrassment, inconvenience, or even loss _ of 
earnings. It is this kind of detail that joint consulta- 
tion, as it is generally attempted, was never designed 
to handle ; it cannot be handled except by local 
consultation with that part of the management 
organisation in charge at that particular point. Such 
local consultation demands, not new formulas or new 
cominittees, but a new attitude towards the delegation 
of authority. What might be called the smoothness 
of the horizontal flow of work and the willingness of 
the men to do that work are inextricably mixed. 
Hence, the division of the field of industrial problems 
with which I began this talk is an illusion. There is 
one field of difficulty alone. Human relations in the 
factory depend upon the extent to which men per- 
ceive the work to be economically and effectively 
arranged ; where this is not so discontent will arise 
and it may eventually break out in a dispute. 


The optimum level of problem 


The picture I have drawn is, of course, a gross 
over-simplification. Indeed, we all know that organi- 
sation can be taken too far and that then men may 
again revolt. These cases are rare but they neverthe- 
less exist. Their explanation is, I believe, along the 
following lines: to derive satisfaction from work one 
normally needs to use one’s intelligence in solving 
the little problems that arise from time to time. 
There is an optimum level of problem for all workers; 
with some even a simple challenge is too severe, with 
others a most difficult problem immediately attracts 
their whole attention. But if for any particular 
person the challenges are too difficult for him to meet, 
he will become discouraged and will give up. This 
I believe to be the case where the forces of vertical 
and horizontal disruption, as in the large and complex 
unit, are considerable, and where the work appears 
uncertain and ill-planned. When, on the other hand, 
the challenges that the individual encounters are too 
easy. his interest will flag and will become bored. 
When he is bored he will find opportunities for escape 
from his boredom and these will normally take the 
form of organised revolt. 

This is frequently the situation where, by 
intensive time and motion study or by other tightly 
controlled systems. the individual worker is left 
with no problems on which to exercise his 
ingenuity. The over-organised factory impairs 
his freedom of thought and decision; the under- 
organised factory fritters away the active hours of 
the life that he, like all of us who deplore wasting 
time, can live only once. It is the task of manage- 
ment to see that its authority is distributed in such a 
way as to give all employees, both workers and fore- 
men, the level of problems which they can settle by 
taking thought or by consulting other people ; it is 
to find, and to use, the most effective distribution of 
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authority that the methods of operational research 
must be employed. Management, in other words, 
must study not only systems of technology, of selling, 
of costing, of training, of reporting and so forth ; 
it must study the articulation of them all into its 
business of management. It must, above all, not be 
afraid to give authority to its subordinates. 

I want to leave you with the thought that it 
is the articulation of all these management 
systems and techniques which will ultimately 
determine the relations which exist between the 
manager and his men. To use an analogy in 
electrical engineering, we are like men who know 
a great deal about inductance, capacity, resistance, 
potential and the square root of minus one, 
but we have yet to see that all these may be related to 
tune in such a way as to give something much more 
useful than the sum of all these concepts alone. The 
marvellous properties of alternating current lie in the 
relations between these factors, not in the factors 
themselves. I believe that if we attend to the first 
of our fields of major problems, namely, the 
systematising of our systems by carefully thought out 
schemes of delegation, we shall find that we have very 





largely solved the problems of our second field, 
namely, those of improving our levels of morale. 

The problems of men at work are, in my opinion, 
not so much in the impact of technology upon the 
individual men as in its impact upon their social 
groups. It is in meaningful membership of these alone 
that ordinary men find satisfaction ; when this 
membership is denied them, when to them the factory 
offers a life that appears haphazard, uncertain and, 
not infrequently, grossly unfair, they will revolt against 
those whom they hold to be responsible. And 
when this happens the occasions of their revolt 
will always seem to be in claims for more 
money or for more perquisites. But since 
these claims are frequently no more than com- 
pensations for what they really need it is not 
surprising that, having won those claims, they are still 
not satisfied. If, in the coming generation, British 
industry is not to be paralysed by the continuous 
rebellion of outraged human nature, it must pay 
attention to what, apart from economic rewards, it 
has to offer those who serve it. A comparison of the 
small firm with the large may suggest to us what 
this is. 
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concentrate on essential content. It follows, therefore, 
that as no alternatives are included, all the subject 
matter must be taken. 

An opinion has been expressed that we are 
expecting too much from students for them to have 
to study for and take seven hours of examination at 
the Part III stage. These critics constructively suggest 
that a thesis be accepted in lieu of an examination. 
The Education Committee rejected this idea largely 
on the grounds that past experience showed it to be 
impracticable. We did think, however, that the basic 
thought behind the idea could be developed in the 
future on the lines of “ projects” set by colleges and 
universities and undertaken under _ supervision, 
probably with a time factor involved. This idea will 
not be immediately available in the revised examina- 
tion, but may be possible in the future as colleges 
develop their own research activities and as 
universities awaken to the need for production 
engineering education. 

It is hoped to finalise the structure and syllabuses 
by the Autumn of this year ready for publication 
as soon as Council approval has been obtained. As 
before, students will be able to obtain exemption 
from the Institution’s examination by virtue of other 
educational qualifications and as soon as syllabuses 
are complete a revision of the schedule of exemptions 
will be made, 


I hope the members of the Institution will find 
this Chairman’s survey of the revision of the Associate 
Membership examination of interest, and will take 
the opportunity for constructive criticism while there 
is time for it to be considered. 

Production management today is a complex and 
arduous job demanding the highest technical and 
personal qualities of the men in control. It is clear 
that the present supply of production engineers is 
quite inadequate and that it is unreasonable to expect 
men to be satisfactorily trained by part-time courses 
to meet the challenge ahead. This means a sub- 
stantial increase in full-time training is essential and 
it is most gratifying to find sandwich courses being 
adopted at an increasing pace. The development of 
sandwich courses for the new Diploma in Technology 
will help to meet the need and it is hoped that all 
the selected colleges will institute a course in produc- 
tion engineering. The universities can also help 
by developing first degree courses with a production 
engineering bias, combined with a_post-grraduate 
course devoted entirely to production engineering 
subjects. 

The Education Committee hope that their efforts 
of revision of the Associate Membership examination 
will be of help to educational institutions, because 
only by close collaboration of all the interests can the 
future challenge be met. 
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REPORT OF THE 


STANDARDS OFFICERS CONFERENCE 


London, 9th May, 1957 


HE impact of the proposed European free trade 

area on the preparation of industrial standards, 
and on the work of the men who use these standards, 
was underlined by a speaker at the third annual 
Conference of Standards Officers held in London on 
May 9th last. 


In evolving and applying good industrial standards 
the United Kingdom “has been able to lead and 
guide the continent of Europe — particularly through 
British participation in the work of the I.E.C. 
(International Electrotechnical Commission) ”’, said 
the speaker. “ We must continue our efforts if we 
are to educate the Continent up to our standards 
rather than let our standards drift down to some 
of theirs’, he continued. 


These observations arose from a discussion on 
“international standardisation ” introduced by Mr. 
Gordon Weston, B.S.I.’s Technical Director, in which 
he referred to the growth of other national standards- 
making bodies whose specifications often had the 
authority of Government backing. 


In the interests of Britain’s export trade it was 
valuable when international recommendations were 
being considered to have a good British Standard 
already in existence, said Mr. Weston; in a number 
of instances, a British Standard had formed the basis 
for international specifications. 


Discussing some of the difficulties of international 
co-ordination of standards, Mr. Weston referred to 
the differences in terminology among the English- 
speaking countries, and to efforts now being made 
towards greater uniformity between the Common- 
wealth countries and the United States in such 
spheres as acoustics, plastics, rubber and nuclear 
energy. Another difficulty was the inch-metric 
problem; in some standards, at least, it would be 
necessary to maintain both inch and metric series. 


With reference to screw threads, another speaker 
said that, in view of Britain’s trade with the Con- 
tinent, it would be better for some companies if they 
were to go over to the metric system rather than that 
they should adopt the unified thread. Mr. Weston 
reported that at a recent international standards 
meeting in Lisbon, the unified thread had been 
agreed for adoption in international standards as the 
only inch alternative to the metric series. The pro- 
posal had been supported by a number of Continental 
countries, including the Netherlands, Sweden and 
Finland. 
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Over 200 delegates present 


This year’s meeting of engineers and others 
responsible for preparing and applying standards 
was the third of such conferences and was far larger 
than the two previous gatherings. There were nearly 
200 present from manufacturing concerns in all 
parts of the country, from the nationalised indus- 
tries and Government departments. <A _ special 
welcome was extended to representatives from five 
technical colleges. The meeting, organised jointly 
by the Institution of Production Engineers and the 
British Standards Institution, was held at Church 
House, Westminster, under the chairmanship of Mr. 
H. Stafford, of United Steel Companies, and Chair- 
man of the Standards Committee of the Institution of 
Production Engineers. 

An important item on the agenda was concerned 
with stimulating interest in “the three S’s” — 
standardisation, simplification, and specialisation. Mr. 
H. A. R. Binney (Director of B.S.I.), introducing 
this subject, referred to the series of successful 
meetings held last winter under the leadership 
of Professor H. W. Martin, the American 
authority on standards engineering. “ Variety”, 
commented Mr. Binney, “is regarded as the 
spice of life, but to have, for example, several 
different kinds of sockets for electrical connections 
is not real variety. We need to speak of the elimina- 
tion of unnecessary diversity rather than reduction 
of variety’, he suggested. 


Mr. Binney referred to the provision of training 
courses for standards officers at technical colleges and 
universities. Two such courses had been held as part 
of Professor Martin’s programme — at the Regent 
Street Polytechnic and the Manchester College of 
Technology. Further courses were planned by these 
and other colleges and B.S.I. was keeping in close 
touch with the Ministry of Education. An inter- 
national seminar on the three S’s is being held in 
Holland from July 15th to August 17th. 


From the discussion which followed, it became 
apparent that the technical colleges required guidance 
from industry itself on the kind of courses required, 
both at the technical and management levels. 


A speaker commented that the principles of 
standardisation were the same whether electrical 
equipment or office stationery was involved. He 
believed that a curriculum in standards technique 
could be drawn up for engineering colleges and he 




















said that as standards officers they should be pre- 
pared to provide lecturers. 


Suggestions on coding 


Progress with work on coding was reviewed. Since 
the last conference a special panel had considered 
three main problems : 


(1) Code numbers for products.—-'Vhe panel 
thought it impracticable to evolve a code which 
would identify every item used by British industry; 
the most practicable method would be to use British 
Standards as the basis of a national system of coding, 
leaving individual firms to prepare their own de- 
tailed codes. 


(2) Numbering of British Standards. — ‘The panel 
considered whether any new system of numbering 
standards might help in coding by supplying an ele- 
ent of significance in the numbering system; it was 
decided that there was no justification for altering 
the present system. 


(3) Indexing the contents of British Standards. 
The panel believed that an attempt should be made 
to index the main contents of British Standards. In 
many cases these contents, which often carry the 
authority of a British Standard definition, are not 
readily traceable by the title of a British Standard 
and may also have a wider application than the 
particular standard in which they occur. The panel 
thought that a card index system for this type of 
information could be made available to B.S.I. 
subscribers. 


Summary sheets 


The 1955 Standards Officers’ Conference had 
recommended the preparation of summary sheets as 
supplements to British Standards. The first of these 
—extracted from B.S. 1768 — had been issued and 
others — extracted from B.S. 1981 and B.S. 1083 — 
would be published shortly, it was reported by Mr. 
Weston. 


A speaker said the production of sheets should 
be drastically speeded up to bring in, among others, 
bolts and nuts, washers, limits and fits, splines and 
serrations. 


The Chairman intervened in the discussion to 
explain that summary sheets were designed more 
for the smaller firm which did not have its own 
standards department, and should be regarded as an 
additional reference to, not as a replacement of, 
British Standards. 





The standards department — how it works 


‘The role of national and company standards’ 
was discussed in two Papers, in the first of which a 
standards engineer discussed the part they played in 
a large producing organisation. 


He regarded his standards department as being 
primarily an information service. In the larger 
organisation —-- particularly where there were a 
number of different factories, some possibly abroad — 
it was often difficult to let the left hand know what 
the right hand was doing. The standards depart- 
ment was useful in spreading information and putting 
people into touch with each other. 


The speaker listed three objectives for the 
standards departinent : 

1. saving time by presenting information “on 
a plate” ; 


2. concentrating demand through limiting the 
range of purchasing departments ; 


3. preserving quality by keeping up-to date 
records of new developments in standards and 
other fields. 


He said that the job of the standards officer was. to 
obtain information, interpret that information and 
present it complete to the designer. “We have to 
make standards available to people in a digestible 
form. The standards officer does a job which other 
people have no time to do.” 


In the second Paper, another standards engineer 
spoke on “Standardisation for Large Users”. The 
advantages of simplification and standardisation were 
recognised by the big process industries as a way to 
cut down expenses. His company had begun many 
years ago to economise in materials, to prevent 
materials becoming redundant and to deal with stores 
and stockrooms which would otherwise have been 
piled high. “If this early effort had not been made, 
the buying departments would be double or quad- 
ruple their present size.” 


The speaker then went on to explain that a huge 
catalogue had been compiled of every piece of equip- 
ment used by his company in all parts of the world. 
Such items were easily identifiable to a shipping clerk 
in Singapore, as well as to buying clerks in London. 


‘Cataloguing is the heart of standardisation”, he 
said. “The basic principle must be: one item, one 
number, many end-users.” 














EDUCATION AND 


THE PRODUCTION ENGINEER 


A progress report of the revision of the Associate 
exainination, from the Chainnan ot the Education 


Mr. R. RATCLIFFE, M.B.E., M.Eng., M.I.Mech.E., 


rE HE Education Committee of the Institution will 

shortly submit a revised Associate Membership 
examination to Council and it has been suggested 
that I, as Chairman of the Education Committee, 
should give the membership a progress report in 
advance of completion of the task of revision. I 
think the Journal provides an excellent medium for 
such a presentation. I must emphasise that the pro- 
posals outlined in this report are not yet firm and 
are under active consideration by the Committee. 
Indeed, if any member cares to write to the 
Education Officer about the proposals, such comment 
will be put before the Education Committee. 

The need for revision of the Associate Membership 
examination stems, firstly, from the Council policy 
of broadening the base of the Institution membership 
in view of the ever-increasing range of industries in 
which production engineering is an essential part ; 
secondly. from the need to keep pace with the rapid 
and significant technical and social changes of recent 
years ; and, thirdly, from the need to match the 
clear emergent stature of the professional production 
engineer. The consequent task of revision has been 
long and difficult. 

The Education Committee made an early policy 
decision that the revised examination should cater 
for production engineers in the broad field of the 
metal-working industries, whilst production engineers 
in other industries could gain exemption from Parts 
I and II of the examination provided they had 
qualified by examination of equivalent standard in 
the technology of their industry. 

One of the major problems was how to achieve 
a satisfactory balance between subjects of basic 
engineering science, production technology and 
management, and yet keep the examination within 
the confines of reasonable length and range. During 
our deliberations we did not forget that colleges have 
their problems and need freedom to design courses 
which have an inherent balance, which cater for local 
conditions and which aim to develop methods which 
have a liberalising influence on technical education. 
We were aware that a student attending a course of 
study as distinct from studying a subject has the 
benefit of an overall discipline and influence that 
formal examinations can never assess. The proposals 
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Membership 


Committee, 


M.1.Prod.E. 


” 


so far formulated by the Committee are the outcome 
of discussion and proposition, counter-proposition 
and amendment, second thoughts and new 
approaches and, eventually, of compromise. 

It will be seen from the accompanying Table 
comparing the existing and proposed examinations 
that the three-part structure has been retained but 
with two groups A and B in Part IT. 


Part I has been extended from five to six papers, 
each of three hours’ duration. Physics has been 
added as an essential basic science subject for many 
of the subjects in Part II. Chemistry has been 
brought in as an alternative to Production Processes 
(a subject developed from Workshop Technology) for 
students engaged in metallurgical production fields. 


Part II Group A continues at a more advanced 
level the basic engineering science subjects to which 
mathematics, an increasingly necessary subject in a 
number of fields, and applied physics and applied 
chemistry have been added. The two latter subjects 
not only extend the study of basic theory, but provide 
the means of developing a comprehensive group of 
subjects covering the wide range of the metal 
producing and working industries. Advanced Applied 
Mechanics has been developed from the previous 
subject of Materials and Machines. One subject only 
is taken from this group. 


Part II Group B comprises the specialist tech- 
nologies. The metal-cutting group subjects of Theory 
of Machine Tools, Tool Design and Metrology 
remain with revised syllabuses. The metal forming 
group is replaced by Production Metallurgy which 
covers the melting and casting of alloys, the shaping 
of metals and alloys, the joining of metals, corrosion 
and machineability. Plastic Technology is replaced 
by Non-Metallic Materials, the syllabus for which 
has not yet been prepared. The intention is to cover 
a wider range of materials than plastic and to cover 
properties, testing methods, and applications. Help 
from experts in this field would be welcome. 
Control Engineering Technology has been added 
in view of the steady development of automatic 
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control systems, transfer techniques, extended 
mechanisation, instrumentation and the introduction 
of data processing equipment. 

Process Planning and Work Study was previously 
catered for in Part III, but one view is that Part III 
should be concerned with the managerial aspects of 
application and control of “tool subjects” rather 
than the techniques and detailed content. 

Factory Layout (including Materials Handling), 
deals comprehensively with the design of manu- 
facturing systems and the range of materials 
handling. This subject has been developed to meet 
a substantial demand and undoubtedly will be 
welcomed by colleges and industry alike. The 
Materials Handling Division of the Institution are 
particularly interested. 

Consideration is being given to the probable 
addition of another subject dealing with Applied 
Statistics including Statistical Quality Control and 
Operational Research. In the event of this inclusion 








it would be necessary to group this subject with 
Factory Layout, Process Planning and Work 
Study and allow only one of the three subjects to be 
taken in the examination. otherwise the range 
selected would be ill-balanced as a whole. Opinion 
on this aspect would be welcomed. 

It is proposed at present that three subjects be 
selected from Group B. 


Part III has been substantially reshaped and 
strengthened, but with only one-hour extension of 
examination time. The basic administrative and 
organisation subject matter has been gathered under 
“Industrial Administration” with a_ three-hour 
paper. The management content is covered in two 
separate two-hour papers. and an endeavour has 
been made to cover the art and dynamic of manage- 
iment as well as its techniques. The Committee 
thought that this part of the examination was the 
most important for production engineers and should 

(concluded on page 457) 
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REVISED STRUCTURE EXISTING STRUCTURE 
Content and Content and 
Part Requirements Subjects Requirements Subjects 
I Six (a) English Five 1. English 
3-hour papers (b) Mathematics 3-hour papers 2. Mathematics 
(c) Applied Mechanics 3. Applied Mechanics 
(d) Engineering Drawing 4. Engineering Drawing 
(e) Physics 5. Workshop Technology 
One to be selected | (f) Production Processes 01 
from (f) and (g) | (g) Chemistry 
II Four (h) Advanced Mathematics Four 1. Materials and Machines 
Group A 3-hour papers (i) Advanced Applied 3-hour papers 2. Metallurgy 
Mechanics 3. Applied Electricity 
One to be selected | (j) Metallurgy 
from (h) to (m) | (k) Electrical Technology 
(1) Applied Physics No. 1 
(m) Applied Chemistry is compulsory 
Group B | (n) Theory of Machine Tools 4. Machine Tools 
(0) Tool Design 5. Jig and Tool Design 
(p) Metrology 6. Metrology 
Three to be (q) Production Metallurgy Plus three to be 7. Press and Sheet 
selected from (n) | (r) Control Engineering selected from 2 Metalwork 
to (u) Technology to 11 8. Welding Processes 
(s) Non-Metallic Materials 9. Hot and Cold Forging 
(t) Process Planning and 10. Foundry Processes 
Work Study 11. Plastic Technology and 
(u) Factory Layout and Presswork (Plastics) 
Materials Handling 
III One 3-hour paper | (v) Industrial Administration Two 1. Introduction to Industrial 
Irie (w) Management of 3-hour papers Management 
2-hour papers Production y Production Planning or 
(x) Management of Men 3. Work Study 














THE TECHNICAL AND 


SCIENTIFIC REGISTER 


This article has been specially prepared for the Journal 


by the Ministry of Labour and Natronal Service. 


URING the War, the Technical and Scientific 

Register of the Ministry of Labour and National 
Service was the main instrument in carrying out the 
decisions of the Technical Personnel Committee 
which, under Lord Hankey’s chairmanship, dealt 
with questions relating to the demand and supply of 
technical personnel of professional or near-professional 
standards, including the determination of priorities in 
demands for such personnel, its economic use, and 
measures for increasing the supply. There were com- 
pulsory registrations of professionally qualified 
scientists and engineers, through which the Register 
built up a comprehensive record of scientific and 
engineering manpower in the country, which was of 
great help in ensuring that this kind of manpower 
was distributed and used to the best advantage. 


Registration with the Technical and Scientific 
Register is no longer compulsory, and the Register 
forms part of the Employment Services of the 
Ministry. Its main functions at the present time are : 


1. to assist employers seeking professionally 
qualified scientific and engineering staff in 
meeting their requirements ; 


2. to assist professional engineers and scientists, 
whether unemployed or seeking a change of 
work, in finding a suitable job ; 


3. to collect information about the supply of 
scientific and engineering manpower and the 
demand for it, and advise on this subject when 
required ; 


4. to give advice about careers in the various 
branches of engineering and science ; and 


5. to administer the deferment arrangements for 
science and engineering graduates. 


In 1956 the Register carried out an inquiry, in 
conjunction with the Advisory Council on Scientific 
Policy and with the help of the Social Survey, into 
the number of qualified scientists and engineers 
employed in this country, and the probable future 
demand for them, both in the short and long term. 
The results of the enquiry were published by H.M. 
Stationery Office in October, 1956. 


462 


For obvious reasons the Register has had to lay 
down certain minimum qualifications for persons 
seeking to enrol with it. These qualifications are, 
in general, the possession of a university degree in 
science or engineering, or membership of a recognised 
professional institution. 


Because it deals only with professions in which 
highly specialised qualifications are required, and 
because the market for professional men is a national 
rather than a local one, the Register is centralised 
in London. A representative of the Register is 
permanently stationed in Glasgow. 


The Register is organised in seven sections, each 
staffed with professionally qualified officers. The 
subjects dealt with by the various sections are 
respectively : 


1. physics and mathematics; 
mechanical engineering; 
electrical engineering; 
civil engineering ; 


chemistry, chemical engineering and metallurgy ; 
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biological subjects. agriculture and veterinary 
surgery; and 


7. architecture, surveying and estate agency. 


The Register as a placing service 


The number of persons enrolled on the ‘live’ 
Register has remained fairly constant for some years 
at about 4,000. Of this number about 75° are in 
employment, but are for various reasons seeking 
alternative work. This does not mean that the 
composition of the Register has been static. In 1956, 
there were 5,700 fresh and renewal registrations, 
off-set by 5,700 withdrawals, the latter figure 
including those who were found employment. There 
is in fact a fairly rapid turnover of young scientists 
and engineers, some of whom may have enrolled 
shortly before they qualified. On the other hand, the 
older scientist and the engineer is not immune from 
the general difficulty which the older worker has in 
finding employment. 



































The figures quoted in the preceding paragraph 
include women as well as men. The number of 
women registrants is comparatively small, about 7°/, 
of the total, and most of them are under 30. Very 
few of them are registered as engineers. 


In 1956 the number of placings effected by the 
Register was 1,570, including 303 placings of 
mechanical engineers, 175 civil engineers and 156 
electrical engineers. 


The Register is no exception to the rule that the 
success of an employment agency depends on the 
extent to which it is used by employers and those 
seeking employment, and it is constantly aiming to 
widen its contacts with both parties. For some years 
the number of vacancies notified to the Register has 
been sufficient to offer a wide choice to suitably 
qualified men ; at any time there are about 4,600 
vacancies on the books, of which more than half 
relate to engineering. Whilst the majority are open 
only for a short period, vacancies are frequently 
notified by employers who are prepared to wait a 
long time in the hope of finding a really suitable 
man. 


It is perhaps unnecessary to add that the Service 
provided by the Register is entirely free. 


Careers advice 


Through the information it receives from its con- 
tacts with outside bodies and with industry, the 
Register is in a position to give valuable advice on 
careers or employment to those entering or engaged 
in the science and engineering professions. The 
Register does not normally come into contact with 
boys and girls at school, who are catered for by the 
Youth Employment Services of the Ministry and of 
Local Education Authorities. The services of technical 
officers of the Registers are, however, available to 
address meetings of Youth Employment Officers, 
Careers Masters and others directly concerned with 
careers work. 





The need for good advice and for full and up-to- 
date information to be made available to science and 
engineering students requires no emphasis. It is 
remarkable how many graduates are seen by the 
Register who have given little thought to their future 
careers until they have taken their degrees, or who 
say that they would have changed the direction of 
their university studies if they had been better 
informed at an earlier stage. 


Allocation of Science and Engineering Graduates 
liable for National Service 


One of the functions of the Technical and 
Scientific Register is concerned with the call-up and 
deferment of science and engineering graduates liable 
for National Service. In carrying out this function, 
representatives of the Register visit all the universities 
and important technical colleges annually to address 
and give individual advice to the students concerned. 
At these meetings are seen not only students studying 
for a university degree, but men liable for national 
service who are following full-time courses of study 
for a recognised professional qualification or diploma 
at a Technical or Agricultural College. 


In the course of their visits to the universities, the 
Register’s representatives bring to the notice of the 
students opportunities open to graduates in the three 
Services. pointing out those branches in which 
scientific or engineering qualifications are most likely 
to be of value, and those most relevant to the 
individual’s intended post-service career. They also 
give information about the conditions on which 
science and engineering graduates can obtain defer- 
ment of national service for employment on certain 
kinds of work. 


The Register’s interest in the graduate does not 
cease with his entry into the Forces. Towards the 
end of his two years’ service, he is asked by letter 
whether he wishes to have the help of the Register in 
tinding employment in civilian life. Many are found 
to have made their own arrangements but a sub- 
stantial number accept the offer of assistance. 








“The Design of Equipment for Human Use” 


A meeting on “The Design of Equipment for 
Human Use” was held at Cambridge in the Applied 
Psychology Research Unit of the Medical Research 
Council on 26th- 28th March last. There were 
sessions on the military and industrial aspects of work 
design, on the use and abuse of simulators, on equip- 
ment design for training and maintenance, and on 
automatic data analysis in human research. 


There were also 20 practical demonstrations of 
various aspects of this work, by members of the 


Applied Psychology Research Unit and also by 
visiting speakers. 


The meeting was attended by 80 representatives, 
who came from the three Services and the Ministry 
of Supply, as well as from industrial firms, university 
departments, and various nationalised industries and 
Government organisations. A summary of the 
proceedings will be sent on request to the Applied 
Psychology Research Unit. 15 Chaucer Road, 
Cambridge. 
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Courses for Key Personnel 


The success of the five-day courses for key 
personnel introduced by PERA last year has led to 
a demand from members for an extension of the 
Association’s educational services. It has, therefore, 
been decided that permanent training facilities shall 
be established at Staveley Lodge. The Research 
Department is now occupying the new building, and 
the former research laboratories are being converted 
into a training centre with lecture theatres, study 
rooms, demonstration bays. etc. Greatly improved 
lecturing facilities and accommodation will, therefore, 
be available for all future courses. Practical 
demonstrations of production techniques will also be 
facilitated, as equipment is being specially allocated 
for this purpose. Many members have requested 
that the general course on improved production 
techniques should be repeated in 1957, and there has 
also been a demand for specialised courses on a wide 
variety of subjects. The course on improved produc- 
tion techniques is, therefore, being held again this 
year, although some modifications are being made in 
the light of experience gained during the previous 
series. Preparations are also being made for five-day 
courses on metal cutting and pressworking which will 
include illustrated talks, demonstrations. films, case 
studies and group discussions. 


Research 

In the PERA report “Effect of Reaming 
Conditions on Hole Accuracy and Surface Finish ”, 
issued to members last year, it was shown that there 
are critical values of cutting speed and feed rate 
above which the accuracy and surface finish of 
reamed holes deteriorates rapidly. As these critical 
values are the limiting factors preventing the use of 
higher cutting speeds and feed rates in reaming 
operations, it was considered important to determine 
whether improvements in performance could be 
achieved by changes in reamer shape. Tests have, 
therefore, been carried out with high-speed steel 
machine reamers to determine the effects of reamer 
shape on the accuracy and surface finish of holes 
reamed in low carbon steel. Changes in rake and 
circular land width influenced hole surface finish but 
did not markedly affect accuracy. The test results 
also indicated that swarf jamming has an important 
influence on reamer performance. Other factors 


investigated included chamfer angle. chamfer relief 
angle, land relief angle. and flute length. The effect 
of built-up edge on accuracy and surface finish, the 
formation of a built-up edge, and factors affecting 
chip-tool interface friction and temperature are dis- 
cussed in an appendix to the report. 


464 


Production Engineering Research Association of Great Britain 


Quarterly Newsletter . 








the Institution 


A report on an investigation to determine the 
effects of point angle and relief angle on drill per- 
formance when drilling steels En 3a and En 10 was 
issued to members in March. This investigation is 
one of a series to determine the effect of point shape 
on drill life when drilling various materials. Marked 
improvements in drill life occurred with point angles 
which differ from those normally used in production. 
The effects of relief angle on drill performances were 
also investigated. 

The fifth and final part of the report “‘ Guide to 
De-burring of Machined Components” has been 
issued to member firms. The report describes various 
types of barrelling equipment and considers their 

(concluded on opposite page) 
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Director of the British 
Director of 


Sir Thomas Hutton (right), 

Productivity Council, with Dr. Galloway, 

PERA, in the new research block during a recent visit by 

Sir Thomas to PERA headquarters. The 1,000-ton press 

in the background is to be used for PERA’s investigations 
into the impact extrusion of steel components. 

































From: Mr. P. D Collins (Graduate) 


“What is meant by practical training ? ” 


‘I do not know ” seemed to be the theme taken by 
Sir Walter Puckey for his address to the meeting of 
Council recorded in the April Journal. 

It may have been his intention to use such a theme 
just to provoke discussion, but it does raise the wider 
issue of whether a new award of the kind proposed is 
either workable or even necessary. 

The National Council has decided upon an award 
which is to be of honours degree level involving a 
practical training which is almost revolutionary as far 
as this country is concerned. We are told that this 
is just not going to be “the mixture as before” but 
something quite different whilst in the same breath 
we are told that nobody seems to know how the 
practical training is going to be organised. Surely, 
for a scheme supposedly underway this is rather 
alarming. 

If something definite is not decided soon we shall 
end up with an honours degree coupled to our 
existing haphazard provisions for practical training — 
in other words, the mixture precisely as before. 

For the present none but the larger industrial con- 
cerns will be able to organise anything like the 
practical training suggested for the award. As for 
the bulk of our industry, that now well-used phrase, 
“the small firms must do more”, will hardly suffice 
to get any worthwhile training established if some 
form of assistance is not forthcoming. 

Provisions of practical training is but one of many 
problems yet to be solved. Only a few large colleges 
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suitability for particular applications. Information 
is also included on barrelling materials such as 
shipping of natural stone, synthetic abrasives, 
organic and metallic media and barrelling com- 
pounds. It is often assumed that a wide range of 
components can be de-burred with little variation in 
barrelling techniques. However, a number of import- 
ant variables affect the results achieved, and each 
de-burring operation must be considered separately. 
Although the most satisfactory barrelling cycle must 
be determined largely by trial and error, a number of 
practical examples are given in the report to assist 
in selecting the most suitable conditions. 

Further progress has been made in the Association’s 
survey of high-speed hobbing and an assessment is 
being made of the effect on hob life of such factors 
as the number of hob starts, helix angle, and number 
of teeth in the gear. Studies are also being made of 
hob wear, and of the effect of slight variations in hob 
tooth form on hob life. 


CORRESPONDENCE 


have so far been recognised for the award, and it is 
debatable whether these will be able to train the 
number of technologists that we have been told are 
required to satisfy our immediate needs. Unfortu- 
nately, recognition of more colleges is no answer to 
this problem, as according to Sir Walter’s committee 
many interested colleges show too much evidence of 
those ugly sisters of technical education — shortage 
of adequately qualified staff and lack of the necessary 
accommodation. In fact, we are told that the princi- 
pals and staffs of some of these colleges are in for a 
few shocks, which is discouraging as far as their 
future enthusiasm is concerned. 

Even if accommodation is gradually improved, the 
problem of attracting highly qualified production 
people into the profession will remain for some time. 
At one college, recently, a lecturer requested per- 
mission to attend a full-time production course of 
specialist training and was told that, due to the 
staff shortage, release of any kind was completely out 
of the question for a number of years to come. Now 
this is probably not an isolated case and raises the 
question — if highly qualified people are not coming 
into the colleges and existing staff cannot be released 
to become more highly qualified, just how many of 
our colleges are likely to be recognised for this 
award in the future? 

May I respectfully quote Sir Walter Puckey — 
‘““T don’t know the answer ” — does anyone? 


Sir Walter Puckey writes: 


| am glad to know of Mr. Collins’ interest in this 
problem, because I spend a good deal of time on it 
and have indeed prepared a Paper on the subject for 
the Harrogate Conference. 

We must admit that few colleges and indeed com- 
panies have so far raised their sights to the standards 
the National Council is setting, but Mr. Collins will 
probably agree that standards must be set fairly high 
so that people may reach up to them. 

His final paragraph infers that I know most of 
the questions, but not the answers. This, up to a 
point, is true, but the ability to ask the right questions 
is quite a good one and those of us on the National 
Council are slowly but surely learning what the 
answers should be, and are delighted to find a small 
but increasing group of educationalists and indus- 
trial managers willing to provide the sort of answers 
that we and they think are necessary. 

One of the most important things to get clear in 
one’s mind is the worthwhileness of a high level 
national award such as that now proposed in the 
Diploma in Technology, and once we convince our- 
selves that we must raise sights to this level, then 
in due course we shall find a reasonable number of 
people willing to tread the difficult path to its door. 
I hope Mr. Collins will be one of those in the 
procession, 
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THE PRINCIPAL OFFICERS, 1957 - 58 


The President 


The Council of the Institution is pleased to announce that The Right Hon. The Earl of Halsbury, F.R.I.C., 
F.Inst.P., M.I.Prod.E., has been elected President of the Institution for the year 1957 - 1958. 


Lord Halsbury has been since 1949 Managing Director of the National Research 
Development Corporation, which was set up under the Development of Inventions 
Act, 1948, mainly to ensure the development and exploitation of inventions resulting 
from public research. 


Born in 1908, Lord Halsbury was educated at Eton, and on leaving went into 
the City to study chartered accountancy. But he soon turned to science, and as an 
external student of London University took a B.Sc. degree with first-class honours in 
chemistry. His first industrial appointment was with Lever Brothers at Port Sunlight. 


During the War, at the research laboratories of Firth-Brown, in Sheffield, he 
worked on the design of special steels for the blades of gas turbines and jet engines. 
In 1946, he became Research Manager and later Works Manager of the Decca 
Record Company Limited, where his main research target was the production of 
gramophone records in unfilled plastic suitable for long playing records with 
silent surfaces. 





Lord Halsbury was a Member of the Advisory Council of the Committee of the Privy Council for 
Scientific and Industrial Research from 1949 - 1954, and is now a member of its Mechanical Engineering 
Research Board. He has been Chairman of the Science Museum Advisory Council since 1951. He is 
also a Deputy Chairman of the Parliamentary and Scientific Committee ; Chairman of the National 
Institute of Industrial Psychology ; Vice-President of the Royal Institute of Philosophy ; and a member 
of the Court of Governors of the Manchester College of Science and Technology. 


He is a Member of Council of the Royal Institute of Chemistry ; a Member of Council of the Royal 
Society of Arts ; and a Member of the Grand Council of the British Empire Cancer Campaign. 


The Chairman of Council 


Mr. H. G. Gregory, M.I.Prod.E., the present Chairman of Council, has been re-elected for a further 
year of office. Mr. Gregory, who is Manager of the Northern Factories of The Fairey Aviation Company 
Limited, is a Past President of the Manchester Section of the Institution, and has served on the Council for 
many years. He has also served on several of the Institution’s Standing Committees, and has a very 
considerable experience of its affairs. 


He began his industrial life in 1917, as an indentured apprentice with C. A. Vandervell & Company 
Limited, London, and subsequently held a number of progressively senior positions, his first major appointment 
being that of Works Manager of Corfield and Buckle Limited, in 1930. He left this firm in 1936 to take a 
senior executive position with the General Motors Corporation, and in the early years of the War was Director 
and General Manager of the Burtonwood Repair Depot. He joined The Fairey Aviation Company Limited 
in 1943. 


Mr. Gregory has been a member of the Executive Committee of the Manchester District Engineering 
Employers’ Association for some 11 years, and is also Past Chairman of the Manchester and District 
Committee of the Foremen and Staff Mutual Benefit Society. In 1955, he was Chairman of the Consortium 
of Stockport Engineering Employers, which was formed in 1953, and of which he is still a very active member. 
He has served on the Council of the Stockport Chamber of Commerce since 1948, and was subsequently 
appointed Chairman of the Membership Committee. He serves also on a Machine Tool Project Advisory Panel. 
formed in 1955 by The National Research Development Corporation. 


The Vice-Chairman of Council 


Mr. H. W. Bowen, O.B.E., M.I.Mech.E., M.I.Prod.E., has been re-elected for a further year of office as 
Vice-Chairman of Council. Mr. Bowen is Managing Director of High Pressure Components Limited. 


The Principal Officers take office as from Ist July, 1957. 
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SIR ALFRED HERBERT, K.B.E. 


[' is with the deepest regret that the Council of the Institution records the death, 
last month, of Sir Alfred Herbert, K.B.E., Honorary Member of the Institution, 
and President from 1927 to 1929. 


From its earliest days, Sir Alfred gave the Institution his wholehearted support 
and encouragement, and it was in recognition of his generous help and pioneering 
activities that the “Sir Alfred Herbert Paper” was established, in 1952, as a 
permanent tribute. It was entirely characteristic of Sir Alfred’s outlook that, in 
giving assent to the association of his name with this Paper, he asked that the 
subjects chosen should not always lie within the purely technical field. In a letter 
to Major-General K. C. Appleyard, then President of the Institution, he said : 
“| feel it is desirable that technical institutions should once in a way depart from 
their current procedure of hearing“fectures connected directly with the practice of 
their arts, and that their minds should be refreshed by an occasional Paper covering 
a wider field.” 


To mark the occasion of his 90th birthday, which he celebrated last year, and 
in recognition of his outstanding services to the industry, the Machine Tool Trades 
Association has instituted “The Sir Alfred Herbert Scholarship” to assist engineering 
students in Coventry to widen their knowledge of machine tool design and 
manufacture and production methods by visiting engineering works in the United 
Kingdom or on the Continent. The establishment of this Scholarship was completely 
in keeping with Sir Alfred’s keen interest in the training of young engineers. 


The son of a Leicestershire farmer, he served his apprenticeship with 
Jessop and Sons, and in 1887 became Works Manager of Coles and Matthews, 
Coventry. He subsequently took over this business in partnership with an old 
schoolfellow, W. S. Hubbard. Eventually Alfred Herbert became the sole owner of 
this firm, and in 1894 Alfred Herbert Limited was formed, production being 
concentrated mainly on tools and machines for the bicycle trade. 


During the First World War, Alfred Herbert was appointed Machine Tool 
Controller, for which services he received a knighthood in 1917. 


Sir Alfred was Chairman and sole Governing Director of Alfred Herbert 
Limited, and President of the Company’s subsidiaries in France and Italy. In 
addition to being a Past President of the Institution of Production Engineers, he 
was President of the Coventry Engineering Society, an office he first assumed 
in 1899, 

He was widely known for his philanthropic activities. One of his recent 
gifts was made to enable the City of Coventry to build an Art Gallery and Museum, 
and many gifts were also made in the name of Lady Herbert. 

Sir Alfred was a man of astonishing qualities in many ways ; his individuality, 
strong character and warmheartedness inspired respect and affection throughout the 
engineering world, and his passing will be keenly felt for many years to come. 








Annual Dinner 


Nearly 200 members (including leading indus- 
trialists in the area) attended the Annual Dinner of 


the Midlands Region, which was held in the Queen’s 
Hotel, Birmingham, on 12th April last. 


Among the principal guests were the Lord Mayo 
of Birmingham; the Lord Mayor of Coventry; Mr. 
Alick Dick, of the Standard Motor Company; Mr. 
David Masters, senior test pilot of the Fairey Avia- 
tion Company; Mr. E. W. Hancock, M.B.E., 
President of the Institution; and Mr. H. G. Gregory, 
Chairman of Council. Brief addresses were given 
by Mr. Dick, Mr. Masters, Mr. Hancock, Mr. 
Gregory and the Midlands Region Chairman, Mr. 
B. G. L. Jackman, in which emphasis was laid on 
the continuing importance of craftsmanship in pro- 
ducing the equipment for high volume production, 
and a somewhat critical survey was made of some 
aspects of British manufacture from the viewpoint 
of an overseas user. 


Tooling Conference 


The one-day Conference, organised by the 
Midlands Region, on “Tooling Tomorrow's 
Production’ attracted nearly 300 members and 
visitors to the Botanical Gardens, Edgbaston, 
Birmingham, on 22nd May last. Those attending 


enjoyed an exceptionally interesting programme of 
eight Papers on various aspects of tooling, presented 
by authorities in their respective fields, as follows : 
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“Tooling for Precision 


Presswork”” by Mr. J. 
Galway, Chief Tooling Engineer, C.V.A. Ltd. 

Tooling for Light Alloy Castings” by Mr. A. P. 
Fenn, Chief Technical Engineer, Birmingham 
Aluminium Castings. 


“ce 


“Tomorrow's Small Tools’ by Mr. F. Sheldon, 
Technical Sales Manager, Wimet Division, A. C. 
“Wickman Ltd. 


Jigs and Fixtures for Automation” by Mr. 
C, D. Camwell, Chief Engineer, Birmingham 
Engineering Department, William Asquith Ltd. 4 


“ 


“Tooling for Plastics * by Mr. N. Rolaston, Develop- 
ment Engineer, B.I.P. Tools Ltd. 

“Assembly and Welding Fixtures” by Mr. W. H. 
Telling, Rubery, Owen & Co. Ltd. : 

“Tooling for Large Presswork” by Mr. J. H. ; 
Stephens, Production Engineering Office, Briggs : 
Motor Bodies Ltd. 

‘“Tomorrow’s Gauging and Measuring” by Dr. I’. H. 
Rolt, O.B.E., Metrology Consultant, British 
Engineers Small Tools & Equipment Co. Ltd. 





The opening address was given by Mr. Harold 
Burke, Past Chairman of Council and_ Joint 
Managing Director, Concentric Manufacturing 
Company Limited, and Mr. B. G. L. Jackinan, 
Midlands Region Chairman, presided over the 
Conference. 


Much appreciation was expressed of the excellent 
arrangements made, for which Mr. T. W. Elkington, 
Birmingham Section Chairman, was _ largely 
responsible. 





Enjoying a break for refreshment at the Tooling 
Conference are (left to right) Mr. WH. Unsworth 
(Birmingham Section Committee and Session Chairman) ; 
Mr. C. D. Camwell: Mr. B. G. L. Jackman; Mr. 
E. P. Edwards (Birmingham Section Committee and 
Session Chairman) ; and Mr. J. H. Hughes, M.B.E. 
(Birmingham Section Committee ). 














Members will already have seen, on page 402 of 
the June issue of the Journal, the announcement 
of the formation of a Materials Handling Group 
within the Institution, together with the Terms of 
Reference and proposals adopted by the Council at 
their meeting on 25th April last. 

The Committee of the Group on Materials Hand- 
ling are now formulating the details and conditions 
of membership which, when completed, will be 
communicated to Region and Sections Committees. 

Within the next few weeks Regions and Sections 
will be asked to appoint a member who will be their 
representative on the Materials Handling Group. 
This representative should be a member who is willing 
to put in a considerable amount of work on behalf 
of the Group, for it is only by enthusiastic activity in 
the Sections of the Institution throughout the country 


FORMATION OF HANDLING GROUP 


that the Materials Handling Group can he success- 
fully organised and so achieve its stated objectives. 

Once Region and Section representatives have been 
appointed, they will be asked to encourage members 
within their locality to submit themselves for member- 
ship of the Group, and to participate in the activities 
which will be organised by the Materials Handling 
Group. 

A syllabus for the formal teaching of Materials 
Handling has been prepared and has been approved 
by the Education Committee of the Institution. The 
Materials Handling Group are taking energetic steps 
to have this syllabus accepted by Technical Colleges 
and other educational institutions throughout the 
country. 

A. G. HAYEK, M.1.Prod.E., 
Chairman, Materials Handling Group. 


PRESIDENTIAL VISIT TO 
UNIVERSITY OF BIRMINGHAM 


On Wednesday, 8th May last, the President of the 
Institution, Mr. E. W. Hancock, M.B.E., accom- 
panied by Mr. B. G. L. Jackman, Chairman of the 
Midlands Region, and Mr. R. N. Marland, Chair- 
man-Elect of the Birmingham Section, paid an official 
visit to the Department of Engineering Production at 
the University of Birmingham, at the invitation of 













During the party’s visit to the Metrology 
Laboratory, Mr. H. Grisbrook (extreme 
right), Leeturer in Production Technology, 
explained the function of the Feeler 
Microscope. which is an important feature 
of the S.I1.P. Universal Measuring Machine 
MU214B. Others in the group (from left) 
are Mr. B. G. L. Jackman, Mr. R. N. 
Marland, Mr. Hancock and Dr. Dudley. 


Dr. N. A. Dudley, Ph.D., Head of the Department, 
and Director of the Institute of Engineering 
Production. 

The party arrived at the University at 2.15 p.m., 
and after being welcomed by Dr. Dudley, spent some 
time in the Machine Tool Research Laboratory, 
where a precision grinding research project being 





carried out there was described to them. After 
visiting the Film Analysis Laboratory, Mr. Hancock 
gave a short address to members of the Department. 
Subsequently the party moved on to the Metrology 
Laboratory and the Work Study Laboratory, 
where demonstrations of work in hand had _ been 
arranged. 

Later in the day, the visitors were taken to the 
Institute of Engineering Production in Norfolk Road, 
where they spent some time. 

The principal activities of the Department of 
Engineering Production are (1) the conducting of one- 
year post-graduate courses leading to the award of 
M.Sc. in Engineering Production, and in the case 
of non-graduates, the award of Diploma for Grad- 
uate Studies in the Principles of Engineering Pro- 
duction and Management; (2) the carrying out of 


Before leaving the 
Department, the visitors 
were photographed with 
Dr. Dudley and the staff 
of the Department, 
and members of _ the 


post - graduate course. 


research projects in the field of engineering produc- 
tion; and (3) the organising of a continuous series 
of short residential “ Productivity Study” courses 
for senior production engineers and _ industrial 
executives. These courses are held at the Institution 
of Engineering Production. 

In expressing their thanks to Dr. Dudley for the 
opportunity of visiting his Department, and for the 
excellent arrangements made for them, Mr. Hancock, 
Mr. Jackman and Mr. Marland said they had been 
greatly impressed by what they had seen. The in- 
formation they had gathered and the discussions 
which had taken place had been of the greatest 
interest, and they very much hoped that other 
universities would consider the possibility of develop- 
ing along similar lines with regard to production 
engineering. 








RESEARCH 


The Institution is advised by PERA that Dr. G. 
Schlesinger’s book on “ Accuracy in Machine Tools : 
How to Measure and Maintain It” is now out of 
print and cannot, therefore, be supplied. The 
following I.Prod.E. publications are, however, still 
obtainable from PERA at “ Staveley Lodge”, Melton 
Mowbray, Leicestershire. 

“Practical Drilling Tests” by D. F. Galloway and 
I. S. Morton. Price 21s. 


“Machine Tool Research and Development” by 
D. F. Galloway. Price 10s. 6d. 


“Surface Finish ” by Dr. G. Schlesinger. Price 15s. 6d. 


It is also announced that the following PERA 
research reports are generally released to the public, 
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and may be obtained from Melton Mowbray at the 
prices stated : 


‘ Packaging of Engineering Equipment.” Price 10s.6d. 


“Packaging of Engineering Equipment.” Price 


10s. 6d. 

“ Hi-Jet System of Cutting Oil Application.” Price 
7s. 6d. 

“ Notes on Selection and Use of Soluble Cutting 
Oils.” Price 10s. 6d. 


“ Drilling Titanium Alloy Ti 150A” (Press reprint). 
Free. 


‘““ Memorandaum Developments in the Study of 
Metal and Plastic Slides” (photocopy). Free. 














Lt. Col. A. G, Pirie, Member, has recently retired 
from military service and has taken up a Production 
Appointment with Stewarts and Lloyds Limited. 


Mr. H. P. Sanderson, Member, has recently taken 
up a new appointment at I.C.I. Limited, Divisional 
Headquarters in Birmingham. Mr. Sanderson has 
been Section Honorary Secretary of the Swansea 
Section since it was first formed in 1948, as the West 
Wales Sub-Section. 


Mr. F. B. Willmott, Member, Chairman and 
Managing Director of Francis B. Willmott Ltd., 
Birmingham, has been elected to the Council of the 
Birmingham Chamber of Commerce, and also the 
Central Council of the Economic League. 


Mr. T. B. Worth, Member, has been appointed 
Head of the Production Engineering Department at 
the College of Technology, Birmingham. The forma- 
tion of this Department is one of the major develop- 
ments resulting from the designation of the College 
as a College of Advanced Technology. 


Mr. R. L. Bamford, Associate Member, has re- 
cently relinquished his position with the Production 
Engineering Research Association and has taken up 
an appointment as Planning Engineer to The Super- 
heater Company Limited, Trafford Park, Manchester. 


Mr. F. W. Bevis, Associate Member, has been 
appointed Lecturer in Production Engineering at the 
Cardiff College of Technology. 


Mr. A. D. Copland, Associate Member, is now 
Refinery Liaison Engineer of A. & W. Smith & Co. 
Limited (Tate & Lyle Limited), Glasgow. 


Mr. Donald G. Galpin, Associate Member, is now 
Technical Sales Manager at Ina Needle Bearings 
Limited, London. 


Mr. M. H. Hammill, Associate Member, who has 
been Director and General Manager of Foster Trans- 
formers Limited, South Wimbledon, since 1950 has 
been appointed Managing Director. Before joining 
the Foster Company — which is one of the Lanca- 
shire Dynamo Group — he was associated for many 
years with the industrial consultants, Urwick, Orr 
& Partners. 


Mr. F. Hopkinson, Associate Member, leaves 
Marconi’s Wireless Telegraph Company Limited, 


members 


news of 





Chelmsford, where he worked on the Designs Draw- 
ing Office Administration, to take up an appointment 
as Engineering Instructor in charge of the Draughts- 
man’s Training School, in Chelmsford, for the 
Crompton Parkinson group of Companies. Mr. 
Hopkinson is Honorary Secretary of the South Essex 
Section. 


Mr R. E. Slaughter, Associate Member, has re- 
linquished his appointment with Messrs. W. E. 
Sykes Limited, and has taken up a new appointment 
with Combined ‘Technical Services Limited, of 
Egham, Surrey, one of the Companies of Production 
Engineering Management Group. 


Mr. R. G. Tench, Associate Member, has 
relinquished his appointment with The Birmingham 
Small Arms Company Limited, where he was em- 
ployed as Production Superintendent, to take up 
an appointment with Messrs. Fisher & Ludlow 
Limited, Material Handling Division, Bordesley 
Works, Birmingham. as Production Manager. 


Mr. J. E. Townsend, Associate Member, has been 
appointed Headmaster of the Secondary Technical 
School in Cyprus, and will be leaving the United 
Kingdom very shortly. 


Mr. D. A. Bowman, Graduate, has recently been 
appointed to the Technical Staff of the Scottish 
Council (Development and Industry). 


Mr. J. Davies, Graduate, has taken up an appoint- 
ment with the Central Electricity Authority, South 
Eastern Division, as Third Assistant Engineer (Pro- 
duction), at Divisional Headquarters, Kingston. 


Mr. B. E. Jackson, Graduate, has now taken up a 
position as a Methods Engineer with the Northern 
Electric Co. Limited, Montreal, Canada. 


Mr. G. F. Lloyd, Graduate, has relinquished his 
position as Works Manager of William Gardner & 
Sons (Glos.) Limited, and has taken up an appoint- 
ment with Urwick, Orr & Partners Limited, London, 
Management Consultants, as a resident consultant 
with the engineering division. 


Mr. N. Swaminathan, Graduate, has taken up an 
appointment with Metropolitan-Vickers Electrical 
Limited, Manchester, as an Engineer-Trainee of 
Heavy-Electricals Project of India. Mr. Swaminathan 
intends to remain in England for about three years. 
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REVIEWS 


**Man and Automation” by L. Landon Goodman. 
A Pelican Book published by Penguin Books Ltd. 3s. 6d. 
This book is in the nature of a review of automation and 

its possible impact on mankind. It was, one would hazard, 

written for the general public ; but since there is a wealth 
of well documented references and a considerable index, it 
should be of value to those who are interested in automation 

from the practical aspect. There are eight pages o 

photographs and a number of diagrams and tables. Ninety- 

three pages are devoted to technical aspects and 146 to 
social, economic and other arguments. 

In the introduction the author quotes a number of 
definitions of that elusive word “‘ automation”, and finally 
gives a composite one of his own which, while being an 
advance on the others, still lacks the simplicity of a 
satisfactory statement of the meaning. 

In a “general outline” the author follows through with 
descriptions of mechanical handling, processing, sensing, 
control and production techniques, to the integration of 
processing and handling. 

The machine tool section could, with advantage, have 
been more fully considered. On the other hand, the 
electronic control of machine tools is dealt with very 
adequately in a book which is not primarily addressed to 
the engineer. Data processing is also considered at some 
length. Three chapters entitled “Automation in Commerce’, 
“ Automation in Industry”, and “Some Other Effects of 
Automation” are good reportage. The machine tool 
industry is somewhat roughly handled in Chapter 7. 

In the section devoted to social questions there is 
sympathetic consideration of reduundancy coupled with a 
statement that automation will not come suddenly 
““Many years of planning are necessary ; much experience 
has to be obtained. By present standards immense amounts 
of technological knowledge must be available to, and in, 
management. Much capital is needed for new plant and 
markets have to be conditioned and available for the goods 
produced. All these are factors which put a brake, a heavy 
brake, on the development of automation.” 

In order to counteract the fears that have been generated 
by prejudiced or ill-informed persons, the author advises 
explanation to workpeople about the purpose and effects 
of automation. “Nothing”, he says, “should be left to 
chance, ‘the grape-vine’ or ‘ the-man-who-knows’.” He 
stresses the fact that the written word is not enough and 
that “ personal contact of the right type is needed to spread 
information and to discuss these matters ”’. 

By far the largest section of the book is devoted to 
‘*“ Economic and Social Implications of Automation ” and in 
this quite considerable review the “ dismal science” has the 
lion’s share of attention. Inter alia, the author deals with 
the urgent problem of the higher wage demands likely to 
be made by personnel engaged in the automated industries 

- a problem made more than usually difficult by the fact 
that most firms will only be automated in part, e.g. the 
present level of automation in the motor industry (the most 
advanced in this technique) is quoted as 6% of the plant 
employed. He says: “It is difficult to see an easy solution. 

Possibly the best answer is that the level of wages should 

not be allowed to rise unduly in the automated industries, 

and that the main benefits of increased production should 
be spread over the whole community in the form of lower 
prices. Any sums due to the workers over a certain figure 
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might be paid into trust funds for severance payments on 
redundancy, pension funds and improved social facilities. 
The guaranteed annual wage fund . . . is an excellent 
practical example of a way of keeping wage rates reasonably 
level and reducing inflationary tendencies.” 

The quotations given here should indicate the wide range 
and scope of the book which is a useful addition to the 
growing library of works on automation. 


** Friction and Lubrication” by F. P. Bowden and D. 
Tabor. London, Methuen; New York, Wiley, 1956. 
150 pages. Illustrated. Diagrams. 10s. 6d. 

Bowden and Tabor are well-known to engineers for their 
work on friction. They have now condensed their major 
work, “Friction and Lubrication of Solids” (Clarendon 
Press, 1954) into a small volume of 140 pages. It contains 
a precis, and an introduction, which starts right at the 
beginning of the story of friction, and leaves no doubt as 
to what the authors are talking about. This clearness of 
description prevails throughout the book, both in explana- 
tion and in the logical sequence of the chapters. 

“The Nature of Surface” is followed by chapters on 
adhesion, oxide films, and surface temperature of sliding. 
Non-metal! friction is then described in detail. 

People who wish to appreciate the subject of friction 
without studying it in detail will find this book just what 
they require. Others will find that sufficient information 
is given to whet their appetite for more detailed studies. 
I thoroughly recommend this book. R.E.M. 


ADDITIONS 


Starr, C. H. “The Specification of Management of 
Materials in Industry.” London, Thames and Hudson, 
1957, XII. 194 pages. Diagrams. 23cm. 21s. 

The author is of the opinion that managers and engineers 
pay insufficient attention to “materials application 
engineering ”, materials specification, and to materials 
standardisation. He advocates the establishment in each 
firm of a central materials department, and gives details 
of its duties, its staff, and its office organisation. The 
neglected art of writing specifications is discussed, and 
numerous examples given ; and the essential qualities of 
a numbering system for materials specifications are given. 


Stibitz, George R. and Larrivee, Jules A. ** Mathematies 

and Computers.” New York, London, etc., McGraw-Hill 
Book Co. Inc., 1957. VI. 228 pages. — Illustrated. 
Diagrams. 24cm. £1 17s. 6d. 
This book differs from most “ semi-popular” books on 
computing and computers, in that it deals almost ex- 
clusively with the mathematical bases of computing. 
The mathematics in the first chapters will be familiar to 
mathematicians, and probably to most engineers. Later 
chapters deal with numerical analysis, digital computer 
components, logical design of digital computers, analogue 
computers and simulators, computing with random 
numbers, computer errors, and computers at work. This 
last chapter is probably the only one which can be fully 
appreciated by people with no knowledge of mathematics 
beyond school level, but even these, with a_ little 
perseverance, should be able to learn something from the 
rest of the book. 
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INSTITUTION RECORDS 


Correspondence and Journals sent to the following members at the addresses 


given are being returned to Head Office. 


It would be appreciated if the members 


concerned, or their Section Hon. Secretaries if they are able to help, would advise 
the Records Department at Head Office of their new addresses. 


Manchester and Manchester Graduate 


S. C. Bate, A.M.I.Prod.E., 
Precision Engineer, 

138 Todmorden Road, 
Burnley, Lancs. 


F. Danson, A.M.I.Prod.E., 
20 Nook Lane, 
Ashton-under-Lyne. 


M. I. Gray, Grad.I.Prod.E.. 
1 Birch Hall Lane, 
Manchester, 13. 


A. A. Haselum, A.M.I.Prod.E.. 
30 Hale Lane, 

Failsworth, 

Manchester. 


J. H. Mills, Grad.I.Prod.E., 
52 Queens Drive, 

Heaton Mersey, 
Manchester. 


J. W. E. Pratt, A.M.I.Prod.E.., 
Winnington Hall Club, 
Northwich, 

Cheshire. 


James H. Rivers, M.I.Prod.E.. 
41 Altrincham Road, 

Gatley, 

Cheadle, Cheshire. 


M. M. Saha, A.M.I.E.. A.M.L.W.M.. 


A.M.I.Prod.E., 
52 Albert Road, 
Levenshulme, Manchester, 19. 


A. Yates, A.M.I.Prod.E., 
St. Elmo, 

Elwy Avenue, 

Dyserth, Flint. 


Newcastle-upon-Tyne Graduate 
R. Beardmore, Stud.I.Prod.E., 
14 Sutherland Street, 
New Seaham, 
Co. Durham. 


G. R. T. Cummings, Grad.I.Prod.E., 


19 Wellfield Terrace, 
Bill Quay, 
Gateshead, 10. 


Northern Ireland 


J. L. Fromson, M.1I.Prod.E.. 
79 Swithland Lane, 
Cherry Valley, 

Belfast. 


Nottingham 
R. Wilson, Stud.I.Prod.E., 
24 Greenways, 
Cairncastle Road, 
Larne, Co. Antrim. 


A. L. Terry, Grad.I.Prod.E.. 
40 Lime Grove. 

Draycott, 

Derbys. 


Preston 
M. B. Bolt, Stud.I.Prod.E.. 
111 Cavendish Street, 
Barrow-in-Furness, 
Lancs. 


John L. Wilson, A.M.I.Prod.E., 
“ Newlyns ”, 

Meins Road, 

Blackburn, Lancs. 


Oxford 


Owen A. Sabin, A.M.I.Prod.E.., 
‘“ Braemar ”, 

Gloucester Road, Wolverton, 
Bletchley, Bucks. 


Reading 


Major P. V. Sadler, 
l'ramore, 

Church Road, 
Bracknell. Berks. 


Rochester 


William J. Butler, A.M.1.Prod.E.. 


24 The Fairway, 
Bickley, 
Kent. 


Southern 


Lt. M. A. S. Beg, 

6 Vehicle Training Battalion, 
Bordon, 

Hants. 


R. M. V. 202332 Mne. B. Blair, 
Hut 7 North, 

A.S.R.M., 

Hamworthy, Poole, Dorset. 


S. A. F. Court, A.M.I.Prod.E., 
Blake Hill Cottage, 

Elgin Road, 

Parkstone, Dorset. 


J. Craig, Stud.I.Prod.E., 

187 Tarrant Rushton Airfield, 
Nr. Blandon, 

Dorset. 


B. W. Kent, Grad.I.Prod.E., 
185 Spring Road, 

Sholing, 

Southampton. 


S. H. Mills, A.M.1.Prod.E.. 
121 Hursley Road, 
Chandlersford, Eastleigh, 
Hants. 


Lt. Hasan Rashid, 

6 Vehicle Training Battalion, 
Bordon, 

Hants. 


South Essex 


R. E. Jackson, Stud.I.Prod.E., 
* Belmont ”. Watlington Road, 
Harlow, 

Essex. 


E. T. Tavendale, A.M.1.Prod.E., 
4 Beaumont Close. 

Gidea Park, 

Romford, Essex. 


Sheffield 


H. Foster, M.I.Prod.E.., 
10 Munsbro Lane, 
Greasbro, 

Rotherham. 


J. Hunt, A.M.I.Prod.E., 
4 Springfield Place, 
Dodworth Road, 
Barnsley, Yorks. 


Arthur Smith, M.1I.Prod.E., 
693 Barnsley Road, 
Sheffield, 5. 


Clarence R. Smith, A.M.I.Prod.E., 
Crowder House, 

45 Hereward Road, 

Firth Park, Sheffield, 5, 








Shrewsbury 
F/O J. D. How, 
Officers’ Mess, 
R.A.F. Station, Tern Hill, 
Market Drayton, Shropshire. 


South Wales 


J. S. McLean, A.M.I.Prod.E.., 
38 Old Road, 

Llanelly, Carms, 

Wales. 


H. W. Phillips, Stud.1.Prod.E., 
22 Gough Buildings. 

Y stradgynlais, 

Nr. Swansea. 


T. Vaughan-Edmunds, (S/Ldr. Rtd.). 
A.M.1.Prod.E.. 

Cwm Canol, 

Cwmsymlog, Aberystwyth. 


Western and Western Graduate 


E. Carr, A.M.1.Prod.E., 
133 Salisbury Road, 
Downend, 

Nr. Bristol. 


R. Climie, Grad.I.Prod.E.. 
18 Woodstock Avenue, 
Redland, 

Bristol, 6. 


G. R. Platt, Grad.I.Prod.E.. 
18 Stow Park Avenue. 
Newport. 

Mon. 


E. F. Shepherd, A.R.T.C.S.. 
Grad.I.Mech.E., Stud.I.Prod.E.. 

29 Brynland Avenue, 

Bishopston, Bristol. 


Wolverhampton and Wolverhampton 
Graduate 

A. E. I. Bond, A.M.1.Prod.E.. 

* Homelands ”, Ball Lane, 

Coven Heath, 

Wolverhampton. 


R. Heald, A.M.I.Prod.E.. 
65 Jeavis Crescent, 
Streetly. 

Staffs. 


D. D. Oakley, A.M.1I.Prod.E.. 
Flat 1, 12 Avenue Road. 
Darlaston. 

South Staffs. 


Geoffrey Wheway, Stud.I.Prod.E . 
* Whitestones ” 

Stourbridge Road, 

Wombourne, Nr. Wolverhampton. 


Adelaide 
J. A. De Jong, Grad.I.Prod.E.. 
64 Waite Street. 
Blackwood. 
South Australia. 


British Guiana 
Cc. J. J. De Breet, Grad.I.Prod E.. 
c/o Bookers Sugar Estates Ltd.. 
Georgetown. 
British Guiana, 


British West Africa 
Cc. A. G. Turner, Grad.I.Prod.E., 
c/o Headquarters N.G.E.U., 
Lagos, 
Nigeria. West Africa. 


Bombay 


S. Ghosh, Stud.I.Prod.E., 

c/o Hindustan Machine Tools Ltd.. 
P.O. Jalahalli, 

Bangalore, India. 


Calcutta 
Cc. R. Basu, Grad.I.Prod.E.. 
c/o Directorate of Boilers, 
West Bengal, New Secretariat Bldgs.. 
8th Floor, | Hastings St.. Calcutta. 


I. S. Gupta, B.Sc.(Eng.), 


Grad.1.Prod.E.. 


c/o Mam Chand & Bros., Metal 
Dealers, P.O. Jagadhri Punjab. 
India. 


A. K. Mukherji, A.M.1.Prod.E.. 
Technical Staff Officer, 


Eng. Branch, Civil Munition Prod.. 


6 Esplanade East, Calcutta. 


S. D. Singh, Grad.I.Prod.E., 
Assistant Branch Manager, 


The Indian Oxygen & Acetylene Co. 


Lid., 
Vishakhapatam, 4, India. 


Canada 
J. M. Beattie, A.M.I.Prod.E., 
27 Duke Street, Apartment 308, 
Hamilton, 
Ontario, Canada. 


J. Birchall, A.M.I.Prod.E.. 
160 Birch Avenue, 
Toronto, 

Canada. 


J. A. O’Connor, Grad.I.Prod.E.., 
189 Bronson Avenue, 

Ottawa, 

Canada. 


J. A. Finney, Grad.I.Prod.E.., 
3 Graymar Avenue, 
Downsview, 

Ontario. Canada. 


G. N. Johnson, Grad.I.Prod.E.. 
13 Allenvale Avenue, 

loronto, 10, 

Ontario, Canada. 


J. E. F. Jones, M.1.Prod.E.. 

Suite 5, Lady Conway Apartment. 
2199 Portage Avenue, 

Winnipeg, Canada. 


T. B. Murphy, Grad.I.Prod.E.. 
8925-100th Street. 

Edmonton, Alberta. 

Canada. 


G. J. Steers, Grad.I.Prod.E.. 
304 Boswell Avenue. 
Peterborough, 

Ontario, Canada, 


E. C. Tetsull, Grad.1.Prod.E., 


375 Lakeshore Road, Apartment 3. 


Port Credit, Ontaria, 
Canada. 


W. R. Turner, M.1.Prod.E., 
Northern Steel Industries, 
5337 York Street, 
Montreal, Canada. 


G. Wachmann, S.I.Mech.E. 


Stud.I.Prod.E.. 


5142 Mariette Avenue, 
Notre Dame De Grace, 
Montreal, Quebec, Canada. 


Germany 


2nd Lt. B. L. Harris, Grad.I.Prod.E.. 


Rhine Workshops R.E.M.E., 
British Forces, 
Post Office 40. 


D. W. Scargill, Stud.1.Prod.E., 
S51 Wing, G.E.F., 

R.A.F. Gutersloh, 

2nd Taf. BAOR 39. 


Malaya 


Major R. J. F. K. Cornwall, R.E.M.E.. 


Officers’ Mess, 
H.Q. South Malaya District, 
Serimban, Malaya, Farilf. 


Melbourne 
C. H. Butt, Grad.I.Prod.E.. 
17 Claudel Street. 
Clayton, 
Victoria, Australia. 


F. R. Kelly, A.M.1I.Prod.E., 

* Arlington ”, 

Heatherton Road, 

Dandenong, Victoria, Australia. 


J. D. MecLauchlan, A.M.1.Prod.E.. 


1958 Lower Malvern Road, 
East Malvern, Victoria, S.E.5, 
Australia. 


R. H. Seally, A.M.1.Prod.E., 
32 Cromwell Road, 

South Yarra, 

Victoria, Australia. 


S. Scott, A.M.I.Prod.E., 
20 Blenheim Avenue, 
Surrey Hills, Milbourne, 
Victoria, Australia. 


Rhodesia 
F. Westhead, A.M.I.Prod.E., 
P.O. Box 91, 
Lusaka, 
Northern Rhodesia. 


New Zealand 


H. W. Hollies, A.M.I.Prod.E., 
11 Ferryhill Road, 

Epsom, S.1, 

Auckland. New Zealand. 


M. G. Mackay, Stud.I.Prod.E.. 
cjo GPO. 

Auckland, 
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Solving the problem of solving your problems... 


THE 


ANALOGUE COMPUTING SERVICE 
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A typical 4-cabinet 
G-PAC Assembly. 
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The service can solve problems relating to 

Aircraft Engines, Marine Dynamics, Aerodynamics, 
Servo and Automatic Control Systems, Hydraulics 
and many other fields. Initial system studies, if 
required, are made without charge. 


‘e Free consultation and advice © Speedy solution of problems 


% Computers transported to your site if required © Technique backed up with wide experience 





Consult LEYLIOTT | for Electronic Computing 


ELECTRONIC COMPUTING DIVISION, ELLIOTT BROTHERS (LONDON) LTD., ELSTREE WAY, BOREHAMWOOD, HERTS. TELEPHONE: ELSTREE 2040 
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Drilling and counter-boring 
Nimonic 80 turbine blades on a 
Herbert two-spindle drill 
using **Ilocut’’ LA.30., at 
the de Havilland Engine 
Company’s, Leavesden 
works 


‘ILOCUT 


CUTTING OILS 
—used by THE DE HAVILLAND ENGINE CO. LTD 


‘“'They possess exceptional cutting and surface finish properties... and cooling 

qualities which ensure long tool life between regrinding.”’ 

Those are the outstanding reasons for the pre-eminence of the ‘‘Ilocut’’ range of Neat 
cutting oils. In the de Havilland group the Engine Company and the Propeller Company both 
use ‘‘Ilocut’’. Also, in common with the de Havilland Aircraft Company, they use many of our 

other oils. May our technical engineers call, and tell you all about our production oils ? 
Also available to your company, a complimentary copy of ‘‘Cutting & Metalworking Oils”’. 


WAKEFIELD-DICK INDUSTRIAL OILS LTD 
67 GROSVENOR STREET, LONDON, W.1. 
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HEAVY DUTY 
CYLINDRICAL GRINDER 





This exceptionally sturdy production grind- 
er, incorporating automatic hydraulic form 
dresser and designed to accommodate 
wheels up to 10’ wide, has a wide variety of 
applications inmodern engineering practice. 
The size range is I2"x 24” to 12"x 84’, and is 
available with 16” swing throughout the 
range. 


NEW ALL GROUP SALES LIMITED 


PETERBOROUGH ENGLAND 


Telephone: PETERBOROUGH 3227 Telegrams: ‘PRECISION’ PETERBOROUGH 
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DEDICATED to your SER VICE 























problem presented ws a problem solved —when placed before this organation of 

techincal specialists in metal cleaning and stripping. “S.A.C.” service is nation-wide 

—ils representatnes able to advise you on the spot—aits recommendations backed by the mos 
is represental ble to ad the spot—it dations backed by tk / 
up-to-date Liboratory and manufacturing facilities. “S.A.C.” processes cover every phase of 


chang, servicmg and protecting all metals during manufacture and mamtenance 





SUNBEAM ANTI-CORROSIVES LTD. 


CENTRAL WORKS +» CENTRAL AVENUE + WEST MOLESEY + SURREY 


Ielenbone: Molesey 4484 (5 lines) Telegrams: Sunanticor, East Molesey 


Manufacturers of 
STRIPALENE © FERROCLENE «+ ALOCLENE °° FERROMEDE «+ BRAZOCLENE 
(Regd. Trade Marks) 


cere een 


APPROVED BY ADMIRALTY WAR OFFICE AND AIR MINISTRY 
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SURFACE 
GRINDERS 


FOR WORK FROM THE SMALLEST 
UP TO 71” 50” BOILER PLATES. 
EASE OF SETTING REDUCES 
COSTS. AUTOMATIC SIZING. 


(Below) Removing .30” stock from 
either side a connecting rod at rates 
up to 180 of each per hour. 











UNSURPASSED FOR WORK 
AND PRODUCTIVE . 
CAPACITY, SPEEDO OF 
METAL REMOVAL, 
PRECISION AND SURFACE 
FINISH 


Grinding mild-steel steering-box covers on automatic 
surface grinder, 


Forty bolster plates ground at one loading. Both sides 
ground to an accuracy of | .0005”. Total time 30 mins. 


Grinding joint faces of electrical-cable pockets 


Connecting rods and caps having .',” stock removed from 
end faces at the rate of 120 of each per hour on automatic 
surface grinder. 


Tooling Engineers and Agents— 


ALFRED HERBERT LTD * COVENTRY 


FACTORED DIVISION, RED LANE WORKS Phone: 89221 (10 lines) 
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FOR SPUR, SPIRAL & DOUBLE 
HELICAL GEARS. 


aR 
















The ‘Sunderland’ System Provides 


@ Extreme Simplicity and Mathematical Accuracy. ’ 7 
@ Rapid output and Excellent Quality. a 
@ Few Cutters and Great Range and Capacity. 

@ One Cutter Cuts any Number of Teeth of a Pitch. 
@ Low Initial Outlay on Cutters. 

@ Low Cost of Maintenance. 








YORKSHIRE 


2A ONRRE STA SRNR BRCT Oe OA 





P373-1B | 





Photograph by courtesy of. 
Messrs R. W. Crabtree & Sons Ltd., Leeds 


Printing Machinery Manufacturers 


Se BUTLER MACHINE TOOL C21" 


HALIFAX TELEPHONE 61641 ENGLAND 


PLANERS 
SHAPERS 


SLOTTERS 


B317-1B 
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No. 8 TURRET LATHE FITTED WITH 15in TUDOR 3-JAW CHUCK 























| Tool Position Spindle Surface Feed L — Tie eel 
DESCRIPTION OF OPERATION | Speed Speed Cuts 
Ee arid! Kasten his , =. owt ions 10 oe Tungsten Carbide Cutting 
Cach on A (using Loading Attachment) + | | | : | — A = —_ 
i Rough Face and Rough Turn C (1st cut) Front | 85 235 | 48 
| 2. Rough Bore 6% and 4% = nour | | 
(Turn C - - _— 85 230 | 70 
3, |Rough Bore D and EF « -« . 4 85 133 70 CAST IRON _— 
‘Rough Turn B and Face Back of range | | Front 2} 85 25 , 70 CASTING 
4. Undercut and Chamfer Bores h seers | | 
Toolholder) - — - - - 4 | 85 133 | Hand 
Microbore D, E and a rary - - 5 | . ; 175 285 | 98 Floor-to-Floor Time: 
5.;Finish TurnC  - ~ ront 175 465 | 70 , 
(Finish Double Face Flange - - - Front 4) 175 | 465 | 70 13 mins, com. 
6. Remove Part from Chuck (using Un- | 
loading Attachment) — - - - - 6 — —- | — 
| 
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A RAW. 


a) 
c— 


RAWEBOL LS 


There is no waiting for cement to harden when you use Rawlbolts. 


ace) HEAVY DUTY FIXING DEVICE 


The holes are drilled with a Rawltool to the exact size, 


the Rawlbolts dropped in and after the machine has been positioned 


the bolts are tightened. The expansion of the members locks 


the bolts in the holes. 


They cannot work loose through vibration 


or shock. The machine can be put into operation immediately. 


Rawlbolts have earned a sterling reputation for strength and reliability 


throughout the world—they are used by the million every month. 


Rawlbolts grip by expansion—their strength as a fixing is 


based on the enormous compressive strength of concrete itself. 














Please write for Chart and descriptive literature. 


RAWLBOLTS ARE MADE IN TWO TYPES 


For fixing heavy machinery to floors there is the 
Loose Bolt type of Rawlbolt which enables the 
machine to be slid into position after the 
Rawlbolt has been inserted. For wall fixings use 
the Bolt Projecting type which will position 
the fixing before tightening up. 








Tools that save time For hole boring there is a big range of high 


efficiency Rawlplug tools for use by hand, electric and air power. 











RAWLDRILLS 


For hand boring for 
Rawlbolt sizes 
AtoG. 





B545 


STARDRILLS 


For hand boring for 
all Rawlbolt sizes. 








RAWLPLUG CO. LTD., CROMWELL ROAD, LONDON, 








LL 


DURIUM MASONRY 
DRILLS 


For use in hand and 
electric drills for 
Rawlbolt sizes 
CtoG. 





TRIFORM DRILLS 


For use in electric 
hammers for Rawl- 
bolts sizes C to K. 














DURIUM HAMMER 
DRILLS 


For use in electric 








hammers for Raw!- | 
bolt sizes C to J. | 


| 


P. H. BITS 


For use in pneu- 
matic hammers for 
Rawlbolt sizes 
E to K, 














S.W.7. 


THE WORLD'S LARGEST MANUFACTURERS OF FIXING DEVICES. 
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90,000 HIGH SPEED TOOLBITS IN 


72 DIFFERENT TYPES ALWAYS HELD IN 
STOCK READY FOR IMMEDIATE DELIVERY 


OUR MONTHLY STOCK LIST WILL BE SENT ON REQUEST 


JESSOP-SAVILLE 


high speed steel 
;@eoteifrs 


JJ SAVILLE & COLTD 
TRIUMPH WORKS SHEFFIELD 











WM JESSOP & SONS LTD |¥: 
BRIGHTSIDE WORKS SHEFFIELD 
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There’s a 


KING PULLEY 
BLOGK 


for every load 


The KING range of electrically powered pulley 
blocks starts with the Matom model—an armful of 
ingenuity which lifts 200 lb. at 50 ft. per minute 
—and ends with the mighty Mammoth 

which has a capacity of up to 10 tons. (Both are 
illustrated here.) In between is the most 





comprehensive range of blocks in the country. 
All types of suspension methods and current 
supplies are provided for. You will find we have 
special equipment to handle the most unusual loads. 
Every KING pulley block is individually tested. 
Chains and materials are well in excess of 
statutory requirements. Design is constantly 
being modified in the light of our Development 
Department’s findings. Operation is by pendent 
push control from hoist, or remote control. 
Patented safety features are incorporated and 
prices are highly competitive. 


Why not write for our catalogue? Full details need 
far more space than is available to us here. We also 
manufacture manually operated pulley blocks. 


ELECTRIC 
Ye) PULLEY 
BLOCKS 


Covered by British and Foreign Patents 





Write for Catalogue PB.I8 to 


GEO. W. KING LTD., ARGYLE WORKS, STEVENAGE, HERTS. TEL: STEVENAGE 440 
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“OPTIMETRIC 


TI Sy LES, 


TOOL ROOM BORER 





























A balanced spindle slide with 
long narrow guides, in conjunction 
with a spindle carried by 
precision ball and roller bearings, 
takes every advantage of the 
accuracy provided by the patented 
OPTIMETRIC system fitted to 
Kearns No. 0 Horizontal Tool 
Room Boring Machines. The 
travelling spindle is of super 
finished nitrided steel and slides 
in a special nitrided cast iron 
bush. Catalogue TRB 3 refers 





*K 
OPTIMETRIC 


is the registered trade mark of 

Kearns system of optical measurement 
fitted as standard to all Kearns 
Horizontal Tool Room Boring 
Machines. 





KEARNS & CO. 





LIMITED BROADHEATH near MANCHESTER 
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The new range of 
‘ENGLISH ELECTRIC’ ventilated 
motors using Class E insulation 
is built to the latest B.S. 

draft specification CW(ELE)6246. 
This new design gives greater power for 
the same frame size; or, for a given 


















horsepower it means SMALLER SIZE, 2 h.p. to 50h.p. 
LOWER WEIGHT and LESS COST. in 6 frame 
diameters 


Send for publication DM/230. 


ENGLISH ELECTRIC 


B.S.D. ventilated motors 


THE ENGLISH ELECTRIC Company LIMITED, QUEENS HOUSE, KINGSWAY, LONDON, W.C.2 
Industrial Motor Works, Bradford 


WORKS: STAFFORD ° PRESTON * RUGSEY °* BRADFORD !* LIVERPOOL ® ACCRINGTON 
DM. 64C7 
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I! COPYING LATHE 
T. S. HARRISON & SONS LIMITED, HECKMONDWIKE YORKS. 


WITH A HARRISON II’ COPYING LATHE 
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The leading manufacturers 


of spark machining equipment Mk ITI Model 


now introduce their latest 65 kW 



























Harvester Tine forging die machined 
from the solid by Spark Machining in 
the hardened state 


2 Jet Compressor Blade Forging Die 
reconditioned by Spark Machining 


3  Layshaft Forging Die, preformed and f 
finished by Spark Machining 


A battery of four Sparcatron heads operated from one main control 5 PA R C AT R U N 


unit in conjunction with three auxiliary control units. Manufactured by 


IMPREGNATED DIAMOND PRODUCTS 
LIMITED 
GLOUCESTER * ENGLAND 


Sole Agents for the United Kingdom 





BURTON, GRIFFITHS & CO. LTD KITTS GREEN - BIRMINGHAM 33 
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SEE LATEST 
DEVELOPMENTS AT 
THE FIFTH EUROPEAN 
MACHINE TOOL 
EXHIBITION, HANOVER, 
SEPTEMBER 
I5th-24th, 1957 





For the highest precision 
at mass production rates 


Simple and quick calculations and rapid setting. Operation 


by single lever. Crown wheels or pinions finished in one 
Please ask for demonstration of this y 8 P 


machine in actual production, or on your loading giving maximum production per capital expenditure 


own blanks, on our demonstration unit at with smallest floor space. Max. pitch dia. : 21.26”. Max. D.P. : 
our Nottingham demonstration rooms. 


24”. Max. length of cone : 10.33”. Number of teeth cut : 5-100. 


4, QUEEN ST., CURZON ST., LONDON, W.|I 
Telephone: GROSVENOR 8362-5 


Midland Office: WILFORD CRESCENT, NOTTINGHAM 
Telephone: NOTTINGHAM 88008 





WS \Oe1 TAN 


ASSOCIATES LIMITED 
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MONO-RADIAL CONTROL VALVES 


Positive, foolproof control for your hydraulic systems is 
assured with Fraser control valves. Whatever the scale of 
your application ... whatever degree of automatic control... 
Fraser can provide control valves designed to meet 
arduous industrial demands. Many years of hydraulic 
specialisation are behind the design of Fraser valves and 
their complete dependability and low maintenance results 
from precise manufacturing limits and rigorous proof testing. 


a Mono-Radial pilot-operated relief valve. 
b Solenoid-operated pilot valve. 
¢ Press control valve with positive pressure retention feature. 
d A simple piston type distributor valve which 
can be supplied for either single-acting 
or double-acting rams. 
e Mono-Radial spring-loaded relief valve 
# Three-position hand-operated 
directional control valve. 


MONO-RADIAL HYDRAULIC PUMP 
The range of mono-radial pumps 
provides types with 

combined high and low 

pressures, constant and 

variable delivery outputs for 
pressures up to 6,000 p.s.1. 


ANDREW FRASER & CO LTD 


29 BUCKINGHAM GATE LONDON SWI TELEPHONE VICTORIA 6736-9 
P3768 








The Institution of Production Engineers Journal LXxi 


al 























Illustration shows machine copying with vertical 
attachment fitted, and using the two rotary tables 
























MODEL FKO8c 
TWO MILLING 
SPINDLES 


Arranged with two angle plates 
for simultaneous reproduction of 
two components 

SEE THIS MACHINE 
AT OUR SHOWROOMS 











i ry 
Table, 2 Rotary Tables oe de ... 27hin. dia. 
Longitudinal Table Traverse (automatic) we see | SORING 
Transverse movement of slide oe ae we. = 1SZin. 
Vertical travel of spindle head as as ... 3tdin. 
pe- Our showrooms are only a few Spindle Speeds (8)... 2. ws wes vee, 70 to 800 
minutes from London Airport. 335 to 3,600 r.p.m. 

Feeds (8) 

EXCLUSIVE DISTRIBUTORS Longitudinal Table Feed (per min.) ... oe ... 25/32in. to 8Zin. 

IN THE UNITED KINGDOM Spindle Vertical Feed (per — er ree ... 17/32in. to SZin. 
Net weight approx. ... aa ... 94 tons 








Mithire Sol ¢ i imyuny Linild 


HAMPTON ROAD WEST-HANWORTH -FELTHAM - MIDDLESEX 
Phone: FELTHAM 4266. Cables & Grams: SHIPMENTS, FELTHAM 
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RADIAL DRILLING 
MACHINES 


Sturdy simple design, conveniently 
placed controls and maximum rates of 
production on the widest range of 
components—a few of the reasons why 
they are used all over the world. 

















Illustrated: Town 5ft. A.E.4 Radial Drilling, Boring, 
Tapping and Studding Machine. Drilling capacity 
from solid 24in. diameter in steel and 3in. diameter 
in cast iron. Tapping | }in. Whitwerth in steel. 


FREDERICK TOWN 
& SONS LTD 


HALIFAX - YORKS 


T.2 
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Electrically heated 
Gas Carburising Furnaces 





we have now been honoured by 
instructions to supply the Gas Car- 
burising equipmentfor their newDaventry 
Factory. 


British Timken Ltd. have had long experience of the Homocarb method of 
electrically heated, drip feed, gas carburising and the decision to equip the 
new factory with these furnaces is surely the greatest possible tribute to 
efficiency. 


Three of these furnaces will be the new revolutionary, Microcarb Control 
type which provide 


Positive instrument Control of Carbon 


T he carbon you set on your instrument determines automatically the 
surface carbon of the work being treated. 


This is the greatest basic advancement in the science of heat treatment, so 
send for the special catalogue now. 


INTEGRA, LEEDS & NORTHRUP LTD. 
183 Broad Street Birmingham 15 


Phone: Midland 1453'4 Telegrams: Flometer Birmingham 


British made in Birmingham 


The original 
BRITISH TIMKIN 


installation 


LXill 
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NOZZLES 





outlast them all 













Seeing is believing ! 
The photographs below 

show the results of a comparative 
test made between a Tungsten Carbide Nozzle 
and a Carbon Tetra 
Boride Nozzle 





The #” bore Tungsten 


used with carborundum Carbide Nozzle was 
worn to this condition 
shot at an air pressure of in two weeks. 








75-100 Ibs per sq. inch. 





The 3,” bore Carbon 
Tetra Boride Nozzle 
with tapered lead-in was 
worn to this condition 
in eight weeks. 








Glostics Ltd 


AGENTS - IMPREGNATED DIAMOND PRODUCTS LTD 
TUFFLEY CRESCENT - GLOUCESTER 
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HEENAN-MARLEY 





The latest development in water cooling 


Low initial cost 

Low fan power 

Reduced costs of electric current 

Low height, suitable for confined spaces 
Easier blending with architecture of 
buildings 

Unique cross-flow principle 
Gravity-flow non-clog water distribution 
Quiet running 

Simplicity of design 

Easy installation due to self-contained 
construction 

Easy access and maintenance 





NY 


MANUFACTURED BY 


HEENAN & FROUDE LIMITED, WORCESTER, ENGLAND 


























Let us forward further details. 





103 Lancaster Road, 


MOORE 
CATMUR 





Ladbroke Grove, 


MOORE-CATMUR 


the ubdtindle te 
JIG GRINDING 


We proudly present the first British 
built Moore-Catmur Jig Grinder. This 
fine machine cuts time by 25%, 
accurately locating and grinding holes 
and contours. 

Fast accurate grinding of any contour, 
regular or irregular, is simple with the 
Moore-Catmur Jig Grinder. Particu- 
larly valuable for form grinding of die 
sections. 


Supplied with infinite range of grinding speeds 
from 12,000 to 60,000 r.p.m. 
mw” x 19". 


Table area 
BRITISH MADE 


London, W.11. ‘Phone PARk 9451/2 
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PATENT CALIPER GAUG 


Each month one of the seven main advantages of this fine 


MODEL 
52 


precision instrument will be described. 


@ Many — different 


f) @ The anvils are set so that 


they do not roll. 


@ All shearing action 


eliminated. 
xe 


Particularly suitable 


gauging 


NOTE THIS MONTH’S IMPORTANT FEATURE 


gauging 
positions can be obtained. 


for 
shouldered work. 


Can be used for either left 
or right hand threads. 


Particularly suitable for the 
gauging of acme forms of 
thread. 


Can be supplied for “GO” 
only, or “NOT GO” only, or 
both “GO” & “NOT GO” 
combined. 








PARTICULARLY SUITABLE fcr GAUGING SHOULDERED WORK 


For protection purposes, the anvils are set back slightly from 











the jaws so that the necessity for guards is eliminated, 
consequently this model is very suitable for gauging 
shouldered work with ease and accuracy. 
Write today for a descriptive leaflet to:- 
AR co LTD TEL: BATH 7241+. 
THE HORSTMANN GE ; * i 
GRAMS: HORSTMANN] | 


NEWBRIDGE WORKS.BATH. ENGLAND. 


BATH 
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There are no better diamond tools than those manufactured 
by Impregnated Diamond Products Limited of Gloucester. 


RE 
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Be right in 


SUPER CENTRE 


A permanent Hardened 
and Ground Socket with 
RENEWABLE HIGH 
SPEED STEEL INSERT. 
Standard inter-changeable 
inserts enable centre to 
be quickly replaced. 


ed 


STANDARD SOLID CENTRES 


Precision ground to give 
perfect concentricity. 
Tapers to standard gauges. 
Made in High Grade 
CARBON ALLOY STEEL, oF 
HIGH SPEED STEEL BUTT 
WELDED. 

























* 
THE ARCHER = Ask for Lists 

REVOLVING CENTRES WNos. 50B and 835. 
Revolve with the work 
and can thus stand up 
to the higher speeds and 
heavier work demanded 
by modern engineering 


practice. 
AS 


|ARCHER| 
{SMALL TOOLS | 


REVOLVING CENTRES 


All types of centres are made from the best 
grade steel, and are designed to give greater 
efficiency, take higher speeds, and remain 
true under the most strenuous conditions. 


FRANK GUYLEE & SON LTD 


ARCHER TOOL WORKS - MILLHOUSES - SHEFFIELD | 
Telegrams: ‘‘Guylee, Sheffield’. Telephone : 50061-50062 | | 
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Loading times are reduced, and output is 
increased by the use of “Eclipse” perman- 
ent magnet chucks on your milling or Th 
planing machines Efficient magnetic acq 
design ensures the greatest hold for ava 
maximum cuts and feeds. ron 
t 


Before you order your next milling fixture 
contact us—we have suggested many 
modifications to suit customers workpieces, 
resulting in a saving in initial cost. 


-afa—the only name for magnetic tools 


JAMES NEILL & CO. (SHEFFIELD) LTD © ENGLAND 
Supplies through appointed ‘‘Eclipse”’ Distributors mie A 
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Araldite 
tools 
shape the 
future 


Model of part of D.H. 110 tail fin for assembly jig 
checking, constructed in glass fibre reinforced Araldite resin 
and accurate to within a few thousandths of an inch. 
Photo by courtesy of The de Havilland Aircraft Co. Ltd. 


The recommended techniques are simple and easily 
acquired. Full details and practical assistance are 
available upon request. May we send you a copy of 
our new publication on Araldite for tools, jigs and 
fixtures ? 


Tooling techniques with Araldite resins are being adopted more and more 
widely. Models, jigs, fixtures, patterns and metal-forming tools, includ- 
ing hammer forms, stretch blocks, rubber press tools, drop-hammer and 
draw dies, can all be made by simple methods with virtually no machining 
and a minimum of skilled manual work. Araldite tooling resins are used 
as gravity cast mineral-filled mixtures or with glass fibre mat or woven 
reinforcement, the latter providing strong, dimensionally stable, but 
lightweight surfaces and structures. Advantages of Araldite in tool- 
making include ease and speed of production, low production costs, light 
weight and ease of handling, negligible shinkage on curing, accuracy 
of reproduction, dimensional stability, durability, resistance to cutting- 
oils and die lubricants, resistance to moisture and chemical attack, with 


consequent safety in storage. 


Araldite epoxy resins are used 


for bonding metals, porcelain, glass, etc. 


for casting high grade solid electrical 
insulation 


for impregnating, potting or sealing electrical 
windings and components 


for producing glass fibre laminates 
for making patterns, models, jigs and tools 
as fillers for sheet metal work 


as protective coatings for metal, wood and 
ceramic surfaces 


Araldite (gnaynaya 


Araldite is a registered trade name 





AP327 
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Cutting Fluids are essential 


a arnels 


to production see 


No machine shop can carry on production without cutting 
fluids. For that reason alone it pays to be careful on the 
matter of selection because the right cutting fluid effects 
all-round economies — in power consumption, tool life 
between regrinds and output in unit time. A lot also 
depends on correct dilution, storage and handling, matters 
which are adequately dealt with in the Fletcher Miller 
publication “Cutting Fluids” available free on request. 


FLETCHER MILLER 





YOUR PARTNERS IN PRODUCTION 
FLETCHER MILLER LTD . ALMA MILLS ° HYDE 


Telephone: Hyde 347! (5 lines) Telegrams: Emulsion, Hyde 


If HYDRAULIC |" 
PRECISION | 


GRINDING MACHINES | 


CHESHIRE 





CF 104 














oes UP ORD iis: see — 
A fully universal hydraulic grinder built for continuous produc- | tiee TE 

















tion work. Rapid changeover from external to internal grinding. | | 

Distance between centres ... a : -. 30", 40" or SO” 

ee OO eer | AVAILABLE FOR | 

Upper table swivels both ways... . cy: Be ee | | 

Wheel head swivels both ways ina . 90 IMMEDIATE 

Spindle speeds | | 

(external grinding) !,780-1,550 r.p.m. 

(internal grinding) ... 18,000 r.p.m. | DELIVERY | 
FROM STOCK | 


laoniectienensiayttne —_ 


MODEL RI 900 





A vertical spindle machine with seg- Max. dia. of work ... oe io 36” 
mental wheel and rotary magnetic table. Max. thickness of work... sax 14” 
Infinitely variable table speeds. Auto- Wheel speed as .. = - 968 r.p.m. 
matic feeds. Table speed (inf. variable)... 6-36 r.p.m. 


Auto Feed per rev. of table .0002”-.005” 


Exclusive Distributors in re Our showrooms are only a few minutes from 
the United Kingdom. London Airport, 


Muattire Fed Crmpurny Lila 
HAMPTON ROAD WEST- HANWORTH - FELTHAM - MIDDLESEX 
Phone: FELTHAM 4266 Cables & Grams: SHIPMENTS, FELTHAM 
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EIGHT STATION TRANSFER MACHINE 


for rough and finish boring, and drilling right and left hand conveyor 


track links at Garringtons Ltd., Bromsgrove. 


JAMES ARCHDALE & CO. LTD., LEDSAM ST. BIRMINGHAM 16 
Telephone: EDGbaston 2276 (3 lines) Telegrams: ARCHDALE, BIRMINGHAM 
Sole Selling Agents: ALFRED HERBERT LTD. COVENTRY 
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WHEN YOU ARE WANTING NEW 


AIR COMPRESSORS 


DO NOT FORGET THAT WE HAVE 
A COMPLETE RANGE TO SUIT ALL DUTIES 





Whatever it is you need—large or small capacity— 
high or low pressure—we can supply the best 
machine for the purpose, and our fifty years 
of specialised experience are at your service. 


REAVELL & CO. Lrtp. 


IPSWICH 





Telegrams: Reavell, Ipswich Telephone Nos.: 2124-5 











JIGS A UNIVERSAL 
TOO 


LS 


FIXTURES LIMITED 











. 
@ DIE-CASTING TOOLS TRAMWAY P ATH, 
@ PREss TOOLS MITCHAM, 
@ PLASTIc MOULDS 
SURREY. : 
ole / 
@ SPECIAL TOOLS Telephone: MITcham 6111 Bl 
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[ Equipment of the finest standards 
—designed to ensure economical 
high-rate production to the extremes 
of accuracy. 

The MAAG range is most complete. 
These machines are representative 
only, but we shall be pleased to sub- 
mit detailed proposals based on 


your production requirements. 





MAAG Bevel Gear Testing Machine, 


KP-42, is a companion to the Type KS-42 
Bevel Gear Grinding Machine, right. This 
machine records tooth alignment, tooth 
thickness, tooth profile and surface finish of 
bevel gears up to 16.5 in. dia. It will measure 
the cone angle and the generating angle as 
well as the lateral displacement in the case 
of oblique bevel gears. The error magnifica- 
tion is adjustable between 100 :1 and 
1,000 : I. 


MAAG Bevel Gear Grinding Machine, 
Type KS-42, is a recent addition to the 
MAAG range for precision § grinding 
involute tooth flanks and tooth gullets of 
straight-toothed bevel gears up to 16.5 in. 
dia. at a ratio of 1:8 (smaller dias. at lower 
ratios). This machine operates on the 
generating principle and is extremely 
accurate. Equally economical for individual 
gears or large batches. 



















MAAG Gear Testing Machine, PH-60, 
inspects, measures and records tooth profile, 
tooth alignment, helix angle, concentricity 
and surface finish of tooth flanks. Capacity 
23 in. dia. Can be adapted for spur and 
helical internal gears. Other MAAG gear 
testing and measuring instruments are made 
in various types and sizes for checking pitch, 
profile, centre distance and concentricity with 
a precision of 0.00004 in. 


MAAG Gear Cutting Machines are made 
in a range of sizes for cutting spur and helical 
gears from 0.8 in. to 200 in. dia. Like all 
MAAG machines, they operate on the 
generating system and possess all the qualities 
expected of modern machines including 
extreme accuracy, maximum efficiency and 
ease of operation. Type SH-75, illustrated, 
has a capacity from 1.2 in. to 29.5 in. dia. 
A device for cutting internal straight and 
helical teeth and racks can be supplied. 











MAAG Spur and Helical Gear Grinding 
Machines are made in a range of sizes up to 
142 in. dia. capacity. Type HSS-10 illustrated, 
is a high production machine for small gears 
up to 4.7 in. dia. This high-speed machine 
features infinitely variable speeds, rapid 
grinding times and easy change-over. Its 
accuracy is easily within the fine limits 
required for high class gears, i.e., pitch 





GRIFFITHS - 


ate and profile errors do not exceed 0.00008 to 
0.00016 in. 
} 


Sole Agents in Great Britain : 


; BURTON GRIFFITHS & CO. LTD., kitts GREEN, BIRMINGHAM 





Telephone: STECHFORD 3071 (10 lines) 








LXxiV The Institution of Production Engineers Journal 


ame 1-5 The adoption by _ this 

MEASURING T Rigg Y \ 4 | Company of advanced 
THE vA 4A hh AS techniques for processing 

/ | 6 TA Oe hard metal cutting tools in 






i; Pew 

FUTURE tof, wea high vacuum has led to 
oe ov intensified research in this 

field. We show here a hot- 
extraction micro gas analyser 
which measures and analyses 


the minute amounts of gas 
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found in cutting tool 





materials. The measurement 






and control of this factor is 


leading to better hard metal. 


Per ro 


PRODUCTION TOOL ALLOY CO. LTD. SHARPENHOE, BEDFORD 


Telephone: Toddington 315-6-7 Telegrams: Perpro Luton Telex 14-625 











PRIOR TO ASSEMBLY, and BEFORE and AFTER REPAIRS 


— Me A ‘ Junior 
Motor Car 


Dawson 


DE-GREASING 
AND CLEANING 
MACHINES 


» A Rotary Drum machine for removing swarf and 
grease from small components. 





aoe machine supplied to ‘a Midlands 
orks. 



















Supplied for the washing and drying of Tractor A model ‘A’ machine, washing parts of motor 

parts. Crank Shafts, Sumps, Pressings, etc. car engines prior to assembly. 
Dawson Metal Parts cleaning machines are supplied for all branches of the engineering 
industry. Their chief characteristics are robustness of design, small number of working 
parts and simplicity of operation. Space only permits the illustration of four of the 
many types of machines built for quick economical washing and drying of Metal Parts. 

Sole Distributors 
DRUMMOND-ASQUITH (Sales) LTD., King Edward House, New Street, Birmingham. 
Telephone—Midland 343! 


Manufacturers--DAWSON BROS. LTD., Gomersal, LEEDS London Works—406 Roding Lane, South Wood- 
Tel.—Cleckheaton 1080(5 /ines) ford Green, Essex. Tel.—Wanstead 7777 (4 lines) 
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ZBROJOVKA Millers 
ds 


Brief Specifications of 


Complete rigidity at high machining speeds btavinenteh; abeweband Teed Mee 


The illustration shows a Zbrojovka Miller FASV machin- 
ing an aircraft main wing spar web from solid billet. It is 











installed in the Works of Messrs. C. J. C. Developments Sizes: No. 2 No.3 | No.4 | No.5 
(Portsmouth) Ltd., Farlington, Portsmouth, by whose j : ae) - F: - - f P 
courtesy this picture is published. Working surface of} 40’x 8” |50’x 10” |64’x 12”180’x 16 
table (approx.) 
Power longitudinal} 25” 32° 40” 50” 
Sole agents travel (approx.) 
Power cross travel 8” 9” 1P-a 16” 
(approx.) : 




















e SO Spindle speeds... | 63-2800 | 45-2000 | 32-1400 | 18-1400 


Early delivery 


The Selson Machine Tool Co. Ltd 





41-45 MINERVA ROAD, NORTH ACTON, LONDON, N.W.10 A00 
Telephone: Elgar 4000 (10 lines) Telegrams: Selsomachi, London, NW 10 Lathe 





f 557/SMT 170 
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One of many different types of machines 
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MACHINE TOOL 
REBUILDING SERVICE 























” 
ape 
ZIM: ~~ Why not consult us about that one-time useful machine tool 
i =: which is now standing idle? We have a comprehensive machine tool 
- (BROCKHOU S E ) = rebuilding service available for LATHES, AUTOMATICS, 
S = MILLERS, SHAPERS, PRESSES and DIE CASTING MACHINES. 
as: J. BROCKHOUSE & CO. LTD. = 
Machines are completely stripped, parts replaced and when 
Machine Tool Division . . 
rebuilt carry our six months’ guarantee. 
ELMS WORKS: WOLVERHAMPTON) 
Tel.: 23801 SEND FOR DESCRIPTIVE LEAFLET. 
INDUSTRIAL CLEANING MACHINES | 
can be designed to meet your 
oe particular cleaning problems 
EXAMPLES SI 
by 
: Ru 





= 








This illustration shows a machine A power driven conveyor system is Trays carrying the work are pushed ; 
cleaning crank cases in the production employed with this cleaning machine through on a roller conveyor by hand 
line. It is equally capable of cleaning for ball bearings. in this cleaning installation. 





small parts in baskets. 











Whilst offering a very wide variety of standard cleaning ensures maximum efficiency and economy of the plant 
equipment, it is BRATBY policy, wherever possible to in operation. The illustrations show but a few of the 
design the machine to meet the particular cleaning specific types of Cleaning Machines designed by 
problem. Careful study of each individual problem BRATBY for individual needs. 


Designed and Manufactured by: 


BRATBY & HINCHLIFFE LTD - GorTON LANE - MANCHESTER 18 - Tel.: EAST 2435 
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‘SINTOX’ is produced 
by LODGE PLUGS Ltd. 
; Rugby, England 






EASY to FIT 





; The amazing new Ceramic acclaimed 
f in America after the 1956 
A.S.T.E. Show is now available from 





J CHEAPER to REPLACE 
THAN to REGRIND 











f 


ENGLISH STEEL TOOL CORPORATION 
Lim - 


ztmzte 
Openshaw, Manchester 
A wholly owned subsidiary of English Steel Corporation Ltd.,Shetfield 
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RELAYS 


FOR LONG AND SILENT SERVICE 


Made by skilled craftsmen from first-quality 











materials, Arrow Relays, like all Arrow products, 





are individually produced ; they are designed 
and built to ensure exceptionally long and silent 
service. Essentially compact, no less than thirty 
different circuit arrangements are available on the 
standard base. Silver-to-silver butt type contacts 
give continuous rating up to 10 amps per pole at 
230 volts AC. Operating coils, of low wattage : 






Send for new 
catalogue MS9 






ARROW ELECTRIC SWITCHES LTD - HANGER LANE - LONDON - W5 
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MORE STORAGE CAPACITY 


per square foot of floor area 


THAN ANY OTHER SYSTEM 
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Let our experts look at your store and show how 
much floor area they can save you 


fh ACROW (ENGINEERS) LTD., SOUTH WHARF, PADDINGTON, LONDON, W.2. AMB 3456 (20 lines) ALLO 
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PRECISION 


Greater productivity is only possible when the 
precision and accuracy of all jigs, fixtures 

and gauges are of the highest order. The modern 
specially laid out shops of G,P.A. allied to the finest 


standards of workmanship constitute your 





guarantee. We welcome your enquiries. 





G.P.A. TOOLS & GAUGES LTD. 


Controlled by Salford Electrical Instruments, Ltd. A subsidiary of The General Electric Co., Ltd. 
Registered Office and Works 
Harper Road, Wythenshawe, Manchester. Tel: Wythenshawe 2215 (3 lines) 


Grams: Pneutool. Phone, Manchester 
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“ Newallastic” bolts and studs 
have qualities which are abso- 
lutely unique. They have been 
tested by every known device, 
and have been proved to be 
stronger and more _ resistant 
to fatigue than bolts or studs 
made by the usual method. 
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The heat joins the flow 





Electric heat can be applied wherever 
it’s possible to bring a pair of wires. 
You can bring it right into the smooth 
flow of the production line. You can lay 
out your plant as you think best and 
install your process heating to suit the 
lay-out. 

Electro-heat is economical. There’s no 
wastage at all. It gives the appropriate 
kind of heating, at the right temperature 
for as long, or as short a time, as you 
need. It can be controlled exactly, 
easily; better still, automatically. 








It’s quick, it’s compact. The equipment 
is light, neat, simple. It’s clean. It 
saves overheads in many directions. 
With electro-heat you get higher pro- 
duction, lower costs and better working 
conditions. 


Electricity for 
Productivity 


‘Induction and Dielectric Heating’, just published, isa 
very important addition to the E.D.A. series of 
books on Electricity and Productivity. Other 
titles available are Electric Motors and Controls, 
Higher Production, Lighting in Industry, Materi- 
als Handling, and Resistance Heating. Price 8/6, 
or 9/- post free. 

If you would like further advice or information on 
how electricity can improve productivity, get in 
touch with your ELECTRICITY BOARD, or with 
E.D.A. They can lend you, without charge, films 
about the uses of electricity in industry. 








iesued by the British Electrical Development Association 
2 Savoy Hill, London, W.C.2 
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This new technique outdates every other — 
method of machining light alloys | 


High speed routing, as developed by Wadkin, offers big possibilities for cutting 
production costs on a wide range of profiling, pocketing, or face milling. 

By employing cutting speeds up to 18,000 r.p.m., components are machined 
in a fraction of the time taken by any other means. The precision Radial 
Router H.Y.R. illustrated, is the latest addition to the Wadkin range. 
It is built on much heavier and more robust 
lines than previous models, and provides 
greater precision when working off the 
bottom of the cutter. Full details of 

this machine are given in 

Leaflet No. 850. 
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vi TUNGSTEN 
| CARBIDE TIPPED 
TEMPLATE } 3] CUTTER 
SUPPORTS OR | ‘I 
FIXTURE a. | 


COMPONENT & é es : : 
os 4 See pean! 


Wadkin Heavy Duty Precision Radial{Router HYR routing a component from the solid. 


e 
Telephone : Leicester 67114 Wadkin Telephone : MAYfair 7048-9 
Wadkin Ltd., Green Lane Works, Leicester. a London Office : 62 Brook St., London, W.1 



























Here is the simple answer to your part numbering 
problems —a precision set of hardened steel type 
enabling you to make up any combination of letters 
and figures. 

Pryor Interchangeable steel type is made in seven 
sizes 1/32”, 1/16”, 3/32”, 1/8”, 3/16”, 1/4”, 3/8’’ and 
is available from stock as a complete fount (as 
illustrated) or as individual pieces and holders for 
hand or machine use. 


EDWARD PRYOR & SON LTD 


BROOM STREET -: SHEFFIELD - ENGLAND 
PHONE SHEFFIELD 23161 (5 lines) 
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Wuite for our now fee dacupte leaflet 
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Woy rod & wire for machining 


Aluminium alloy rod and wire machine easily and at high 
speeds. They are widely employed in the production of small 
machined parts— components for electric meters, clocks, 
cameras and bicycle accessories for example. Whether you 
are concerned with delicate mechanisms or simply with nuts 
and bolts or wood screws, you will be interested in alumin- 
ium alloy for machining. 

And there is a suitable grade of rod or wire for your purpose 
in the AWCO range. 








ALUMINIUM WIRE & GABLE CO. LTD. 


Britain's largest Manufacturers of Aluminium Wire & Conductors 

Head Office and Works : PORT TENNANT, SWANSEA, GLAMORGAN 
Sales Office ; 30 CHARLES II STREET, ST. JAMES’S SQUARE, 
LONDON, S.W.1 Telephone : TRAfalgar 6441 
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First-quality Aluminium Alloys, for innumerable 
applications — this is what “K” has come to deal 
mean to an ever-growing number of firms, in- 
cluding some of the foremost names in industry. 
It also means copper and aluminium wire strip 
and strand, for electrical and other purposes. 


RODS - TUBES - BARS - SECTIONS - WIRE 


Durcilium (Regd.) Alumagnese 








E.&£. KAYE LTD 


P. B. COW & COMPANY LIMITED PONDERS END~- ENFIELD+- MIDDLESEX 
RUBBER MANUFACTURING SPECIALISTS FOR EVERY INDUSTRY. Telephone... Howard 160] Telegrams... Cuwire, Enfield 
INDUSTRIAL DIV: 470 STREATHAM HIGH ROAD, S.W.16. POLLARDS 4481 








K2 TA 5121 
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Faster than any copying process you have 








seen before. Electrostatic reproduction— 
without darkroom, chemicals, or sensitized 





emulsions. Recently introduced into Britain 
by Rank-Xerox Ltd., xerography extends 
the scope of offset lithography. 








Xerography is already established as the fastest, 
most versatile and economical method of making 
‘masters’ of documents, typescript, drawings and 
printed matter for duplication. Xerography is a 

DRY electrostatic process, requiring no darkroom, 
chemicals, or sensitized emulsions. It is as simple to 
use as this four-stage picture sequence demonstrates: 


1 Material to be copied is placed face down on the plate glass 
top of the XeroxX ‘SS’ or ‘VR’ camera. 


2 The plate is charged in the Model ‘D’ Processor and placed in the 
XeroxX camera. The image of the material being copied is exposed 
directly to the charged plate through the camera lens. 


3 Developing powder is now cascaded over the surface 
of the plate several times. The powder is attracted only to 
the positively-charged image areas of the copy. 








4 After development, the offset ‘master’ is placed over the image on 
the XeroX plate, and the powder image is transferred by an 
electrical charge. By placing the ‘master’ in the XeroX Heat Fuser 
for a few seconds, the powder image is fused to forma 
permanent image. The ‘master’ is now ready for printing. 


From first to last stage the operation takes no more than 


three minutes. 
Please ask your secretary to attach this coupon to your letterhead. 


eoeereeeeere eee eee eee eee ere eeees 


My Company is interested in how it can cut office 
printing costs and speep the production of Co:n- 
pany literature through the new copying process 
of xerography. Further details, please... 

















See how xerography works—and 
study its application to your business 


Name 


Position 


Company address 


RANK-XeroX LIMITED 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
37/41 MORTIMER STREET - LONDON - W.I + MUSeum 5432 : 
| 
Ra 





Agents and representatives throughout the world 


Nees?) S7 











7 


LXXXVi The Institution of Production Engineers Journal — 








introducing an industrial microscope for 
the measurement of = 


SURFACE FINISH 



















os 


The Baker Surface Finish Microscope 
enables the research or production engin- 
eer to see the surface under examination 
magnified in three dimensions: the 
normal linear magnification of a micro- 
scope plus the heights and depths of 
surface contour mapped out by the inter- 
ference fringes to an accuracy of one 
micro-inch. The inset shows turned alu- 
minium alloy with grooves and areas 
where the metal has _ chipped out. 


Write to the address below for particulars 














are used with 


S.A.V. HYDRAULICS LTD. ! 


British Made ] 


VICKERS-DETROIT EQUIPMENT } 


THE LONDON OIL REFINING CO. LTD. | | 


ESTABLISHED 1890 




















LORCO WORKS | 
LONDON, S.E.15 MANCHESTER 11 , | 
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Add carbides to tungsten carbide 
and what do you get 


TUNGSTEN 
CARBIDE 


CARBIDES 
ee ee ee i 





You get the NEW ‘ Allenite ’ Tungsten Carbide Tools; but the carbides must be special carbides of 


certain refractory metals, developed and processed in the new Edgar Allen Carbide Tool factory. 


These are incorporated by new techniques into carbide tools, where they impart new 
properties and performance, giving greater resistance to abrasion, increased hardness without 


loss of ductility and less liability to ‘ cratering’. 


In particular, the remarkable success of ‘ Plowrake’ Tools (for 
steel) and * Plowcast’ Tools (for cast iron) in the planing of 


interrupted surfaces is due to the outstanding performance of : , ™ “ 


the additional carbides incorporated in these tools. 


These NEW * Allenite* Carbide Tools are now S d AG ALL] NI : i 
available with quick deliveries to learn C A a Bl D le TOO LS 


more about the complete range write to: 


To EDGAR ALLEN & CO. LTD. eiaiat 
SHEFFIELD 9 


Edgar Allen « Co. Limited 


IMPERIAL STEEL WORKS - SHEFFIELD - 9 


Please post data on Allenite to 
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THREAD 
TAPS 








GROUND FROM THE SOLID AFTER HARDENING “Galtona” Ground Thread Taps are supplied in all thread forms and in a wide variety oT types 
RENOWNED FOR ACCURACY AND LONG LIFE to suit all sstissenceaal , 
Only the finest modern heat treatment, manufacturing and inspection equipment is used in the 
POPULAR SIZES EX. STOCK production of these Taps ensuring long life, and a close degree of accuracy. 
SPECIALS TO ORDER IN ANY QUANTITY Large stocks are maintained of popular sizes ; we welcome enquiries for special and combination 
laps. 


NORTHERN AREA OFFICE: 
A. V. Green, Britannia House, Wellington Street, 
Leeds. Phone: Leeds 21212 
LONDON AREA OFFICE: 
A. J. Percy, 240 Romford Road, Forest Gate, 
London, E.7.. Phone: Maryland 2564 





STEELHOUSE WORKS : OLIVER STREET - BIRMINGHAM 7 


Delephone Aston Cross 3001 (12 mts) Qelegrams Cogs Birmingham 














HYDRAULIC PUMP UNIT 
COMPRISING 2 HIGH PRESSURE 
PUMPS POWERED BY 50 H.P. 
MOTOR MOUNTED ON TOP OF 
PRESS WITH LOW PRESSURE 
PILOT CONTROL SYSTEM. 


HEAVY WELDED CONSTRUCTION 
WITH VERTICAL MEMBERS KEYED 
TO HEAD AND BASE GIVING 
EXCEPTIONAL RIGIDITY AND 
OBVIATING USE OF TIE-BARS. 


WIDE DEEP THROAT PERMITS 
EASY MANIPULATION & SETTING 
OF TOOLS. AIR-OPERATED 
GUARDS ELECTRICALLY INTER- 
LOCKED WITH CONTROLS GIVE 
COMPLETE PROTECTION. 


UNIQUE PATENTED DUAL DIE- 
CUSHION WITH INDIVIDUAL 
CONTROL. OPERATED BY GREER- 
MERCIER HYDRO-PNEUMATIC 
ACCUMULATORS. 





This new semi-automatic press, with its patented system of Dual governed by pressure switch or micro switch operation, being readily accessible 





Die-cushion control enables complex deep drawn components and in the side cupboards formed by the channel section of the vertical frame. 
reap to be rst Psy me offers the St answer to YOUR Accuracy of stroke can be maintained to .001”. 

eep drawing problems. By the unique individual setting arrangement oe - . 90” 

of the cushions a 10” draw on the front plate and a ? aan we the _ of yt 9 Bd a eg 1 Bacay i 20 maximum. Number of Power 
back plate is possible during one operation of the main slide with y —s . umber of Cushion Cylinders: 6. Number of Strokes per 
a loading capacity of 50 tons per cushion. The design of the cushions ee 

ensures that the pressure in the cushioning circuit is maintained Our Technicians will be pleased to advise you on YOUR particular Deep 
within 5% throughout the full stroke. The control of the stroke is Drawing problem — or supply further details on request. 


FAWCETT-FINNEY LIMITED «+ BERKLEY STREET © BIRMINGHAM I 


Telephone: MIDland 3795: (3 lines) Cables: Finhyd, Birmingham | 
In association with FAWCETT PRESTON & CO. LTD., BROMBOROUGH, CHESHIRE and FINNEY PRESSES LTD., BIRMINGHAM | 
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a precision made throughout 


Hoover F.H.P. Motors have won universal recognition 


in industry for power, precision and performance. 





Built around one basic design, incorporating all the 
latest engineering developments, this compact Hoover 
‘fractional’ is quiet, free from vibration, and has 


an exceptionally effective cooling system. 


is 
Mt 
ER- ; ; 
TIC i ate backed by the unique Hoover service plan. 


Competitive in price, all Hoover F.H.P. Motors 


For full technical information please write to: 


HOOVER LIMITED 


Industrial Products Department - Cambuslang - Lanarkshire - Scotland 
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This illustration is from 


HEAT & POWER 
SURVEYS 


The Way to Lower Costs 
and Higher Productivity 
the latest booklet issued by N-I-F-E:S and 
shows their engineers engaged on a Survey. 
In more than 300 factories recently surveyed 
by N-I-F.E-S fuel savings made possible 
averaged 15%. - 
Write for a copy and read how a Survey can 


benefit you. 


Issued by 
HN -t-?- 2-3 
National Industrial Fuel Efficiency Service 


Head Office: 71 Grosvenor Street London W1 


By courtesy of Macleans Ltd. 
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With these products, when rivets need il i 
to be headed close up against an angle 
or shoulder and when tight or loose 
heads are needed, the T.T. Rotary Vib- 
rating Riveting Hammers should be 
your choice. The range copes with rivets 
from under 4" to }" dia. in mild steel. 
Send us a sample product for test. Snaps, 
anvils, tables and fixtures to suit require 
ments can be supplied. 


YOUNEED THIS+ x7, 


We illustrate Model 


7 R.H. 14 MD Standard TUR NER 


Machine (12 in. throat 


model available) MACHINE TOOLS LTD 
63-68 - PRINCIP ST - BIRMINGHAM : 4 





! 


MAST 


Ay 


}” Capacity. 





CROSS 





TELEPHONE : ASTON 2244 
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WHAT IT IS 


DOUBLE BOND, evolved after extensive 
research by the makers of Hermetal, is 
manufactured from chemically reactive 
resins (Epoxide based) forming a 
new, self-setting, spreadable compound 
which entirely supersedes metal fillers — 
including lead. 

As part of the new technique in the 
fabrication of equipment with resin 
bonded glass laminates, it provides the 
joint and seal. 


PROPERTIES 


Exceptional adhesion 
Great tensile strength 
Chemically resistant 
Sets harder than lead 
Self-curing to any depth 
Non-shrinking 


Easily workable 


MAKE 








xci 





MEND 


MATERIAL for 
INDUSTRY 


@ Extended ‘ pot’ life 


@ Replaces leading—no lead poisoning, 
non-injurious 


COULD YOU 
BE USING IT? 


“Double Bond” has a wide range of 
production and_ trade applications ; 
practically every industry can _ benefit 
from the saving in time and costs which 
its use ensures. 

DOUBLE BOND mends, seals and fills 
cracks, blow holes, rivet heads, joints, 
even large cavities — in one application. 
For construction of jigs, patterns, work 
or tool holders. Instead of lead or solder 
for sealing joints, filling damaged parts, 
coachwork production and repairs, etc. 
In place of metal for cast and/or 
machined components of prototype or 
quantity produced equipment. 


For avoiding delay in delivery of 
‘ specialist ’ equipment. Fabricate it with 
plywood or plastic bonded sheet, etc., 
etc., and joint and protect it with 
‘Double Bond ”. 


TWO TYPES! 


PUTTY — can be mixed and moulded 
with the hands or mechanically. 
CREAM mixed and applied with a 
knife or spatula. 

Write for descriptive folder or:- 





TRIAL SUPPLY 

4 oz. each of putty 7/6 
and cream with full sini 
directions for use: Free 











Available in standard packs of 11b., 3lb., 
7lb. and upwards. 


THE KENILWORTH MANUFACTURING CO. LTD, 


WEST DRAYTON 


MIDDLESEX 


Makers of Hermetal, Summit metallic Paints, and Hermetite Jointing Compounds 





Telephone: West Drayton 3047/2173 





“Automation is a new factor in economical production 
which every progressive firm must study immediately...” 
































OFFER 
TO INDUSTRY 


As pioneers in the field of electronic development 
for industrial application, we believe there are few 
manufacturing processes where we cannot speed 
production, increase efficiency and reduce costs. 
E.M.1. electronic systems range from machine tool 
control, to overall plant control for the following 
industries :— 


Motor Transport 

Aircraft Shipping 

Canning Electrical Components 
Textiles Woodwork 

Packing Warehouse Control 
Biscuit Armature Manufacture 
Electrical Ete. 


For information on the application of electronic control 

to specific require ments an any industry, consult our 

Technical Advisors. 

E.M.1. ELECTRONICS LTD. 

Industrial Applications Division, Hayes, Middlesex England 

Telephone: Hayes 5055 Teles Cables: Emidata, London 
EE.94 
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If LING POWER 


Time on the job enters into every stage of industrial 
production. Arrivals and departures, time on the bench 
or machine, breaks for meals and overtime are all related 
to cost of production. 

GLEDHILL-BROOK Time Recorders provide the most 
adaptable means of recording regular or irregular hours 
on the job, automatically and accurately, every minute 
of every hour, day, and night. 


With 8-day mechanical clock movement or electrical 


oar te seen = GLEDIEMLL 
ke aemrareer 


GLEDHILL-BROOK TIME RECORDERS LTD. 
20 EMPIRE WORKS HUDDERSFIELD 











A piece-work operator whose output is reduced by slow guard operation 
is a frustrated person, and a frustrated person is in constant danger. 
For greater safety and more production you should ask UDAL about 
the famous ‘Fastrip’ synchronised guards, worked by compressed air 
and timed to a split second. Details will gladly be sent on request. 


J. P. UDAL LIMITED 


INTERLOCK WORKS 
COURT ROAD 
BIRMINGHAM 


Telephone : CALTHORPE 3114 


PRESS GUARDS 








SPURS -SPIRALS-BEVELS # 
WORMS: WHEELS 4 









Supplied complete or from customers 
blanks. Our service is reliable and 
delivery prompt 







RELIANCE GEAR & ENGINEERING 


CO. (SALFORD) LTD. 
DICKINSON = STREET SPRINGFIELD LANE 
BlAckfriars 0164 & i715 Grams 






SALFORD 
MOTOGEARS 






Phone 
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BA or small 


‘taken in our stride 








Your requirements may be for 

large or small castings and this diversity 
of work, as the illustration shows, 

is taken in our stride. 

YCOL castings are manufactured 

in gunmetal, phosphor bronze, 

manganese bronze, aluminium bronze and 
aluminium alloy in a modern foundry 


planned specifically for the production of 





high quality castings. 


May we have your enquiries ? 


| always well founded 


reliance on ye 0 


WHYTE & COLLINS LTD. ‘ KELVIN WORKS , FENTON ? STOKE-ON-TRENT 











600 Group Service 









to the 
POWDER METALLURGY 
INDUSTRY 
pliers of 


pain! 
| | 
600 
GEORGE COHEN 


SONS AND COMPANY LIMITEO 


58 Wood Lane London W.I2 Telephone: SHEpherds Bush 2070 
Telegrams: Coborn Telex London 








BY TH] 
“TER PROCESS: if 


HAVE YOU HAD YOUR COPY ? 








HIGH SPEED SERVICE TOOL © = 


THE FIRM WITH 
HALF-A-DOZEN 
JIG BORERS for 


PRESS TOOLS 


HIGH SPEED SERVICE TOOL CO. LTD. 
Maple Road, Surbiton, Surrey. Elmbridge 1135-7 


STUDER PROFILE GRINDING A SPECIALITY 
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Specialists in pipe assembly production 


Please send vour enquiry to:- 
THE TUNGUM CO. LTD - CHELTENHAM 


Coppersmithing. 

Tube Manipulation. 

Argon Arc and Gas Welding. 
Productic:: of Pipe Couplings to 
Customers’ Requirements. 


A.R.B., LF.V. requirements. 
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* BROOMWADE” Double 
Acting Cylinder Hoist in 
action. Courtesy: Zinc Alloy 
Co. (London) Ltd. 


“<“BROOMWADE”’ 
tools 


pay for 
themselves 


Efficient and reliable tools will pay 
for their initial outlay. 


The jobs on which ‘“ BROOM- 
WADE™ Pneumatic Tools have 
saved money are wide and varied. 


es en ee 





a 8 SR ee 


Expertly built and absolutely ey 
reliable, they work fast, smoothly ae i — 
and efficiently. 


You spend wisely when you buy 
“ BROOMWADE ”. 
Prove it by asking for a 


demonstration NOW. 


““ BROOMWADE” DXIC 
“ BROOMWADE” HPSS Squeex sagt econ te dressing ; 
Riveter counter punching a Bus welds on window jrames anc 
side stress panel. This tool exerts -BROOMW ADE” PR2 
a5 ton load at the snaps. Sander fitted with unilastic 


Courtesy: Park Royal Vehicles Ltd. wheel. Courtesy: Luxfer Ltd. 








“BROOM WADE’: 


AIR COMPRESSORS & PNEUMATIC TOOLS 


Your Best Investment 


BROOM & WADE LTD - P.O. BOX No7 - HIGH WYCOMBE - ENGLAND 


Telephone: High Wycombe 1630 (10 lines) Telegrams: “Broom’’, High Wycombe, Telex. 
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THE PARK GATE IRON & STEEL COMPANY LIMITED ROTHERHAM 
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Designed to replace the widely used FID 
and FDC Models, comes the SKY-ZONE 
“ECONOMIST ’ . . . Coventry-Climax’s latest 
tool for economical handling. To Management 
the ‘Economist’ means a new tighter grip on 
handling costs . . . offering valuable reductions 
in first costs’ as well as operating and 
maintenance savings. To the handling supervisor 
the ‘Economist’ means the greater efficiency 
attending modern design and_ engineering 
advances plus the convenience of many of the 
easy-servicing features of the Sky-Zone 
CDFT range. 


— 
cece AC ? 


ee 


Available in 3,500. and 4,0001b. 
capacities. With Coventry-Climax 
or Perkins Diesel Engine. Also 
available with petrol engine. 


A new low-priced Fork Truck 


ENGINEERING REFINEMENTS 
New non-crash easy-change constant-mesh gears. New long-life double-reduction final drive, and 


fully floating axle shafts. Quick-change clutch. Powerful hydraulic brakes. Choice of power. 
Coventry-Climax or Perkins Diesel engine. Petrol engine also available. 


DESIGN IMPROVEMENTS 


Modern clean-line appearance. Greatly improved weight distribution. Low slung tanks and low 
c/g of ballast ensure excellent stability factor. Uncluttered floor, easy rapid access for the driver. 


SIMPLIFIED MAINTENANCE 


Maximum servicing accessibility. Quick mast removal. Quick-change 
clutch. All vulnerable components within frame and protected. 


GREATER DRIVER COMFORT 


Clear safe driver vision. Full view of load at all times. Convenient 
controls. Effortless hydraulic rack and pinion steering. Powerful hydraulic 


brakes. 
e 
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COVENTRY-CLIMAX ENGINES LTD [DEPT PE] * COVENTRY * ENGLAND 











